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INl'RODUCTION 
Sewage stabilization ponds have been well known in Asia for 
centuries, but the earliest data available on their performance arc frc;;. 
various ponds in Germany where valuable fish crops were grown (Mortimer, 
1954). 
Perhaps the honor of having Llie first scabillzacion pond in the 
United States, or at least the first pond created for the purpose of 
receiving sewage, belongs to the city of San Antonio, Texas, where sewage 
was ponded at the turn of the century. The artificial impoundment 
involved in this operation became known as Mitchell Lake. The earlier 
impetus for the development of sewage stabilization ponds was due 
primarily to a need for land disposal of sewage effluent (Sraallhorst, 
1960; Svore, i960). 
In California, sewage stabilization ponds were first discovered 
accidently at Santa Rosa, in 1924. In an attempt to escape sewage 
treatment plant costs, the town authorities uncovered gravel beds think­
ing they could be used as natural filters prior to discharging city 
sewage into the highly polluted Santa Rosa Creek. Raw sewage discharged 
on the exposed gravel bed sealed it and impounded the sewage to a depth 
of three feet. Fortunately for the city, the experiment was not a 
failure since the overflowing effluent from the pond resembled an 
effluent from a trickling filter. In that same year, Vacaville, 
California, was faced with a sewage disposal problem in the winter. 
They used a dry gulley as an impounding reservoir. Again, the impounded 
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sewage underwent characteristic changes causing a reduction in biochemical 
oxygen demand (BOD) and an increase of dissolved oxygen (DÔ). As a 
result of favorable studies of these ponds and a pond constructed at 
Texas A & M College in the late 1920's, ponds became widespread in use 
throughout the Southwestern United States (Caldwell, 1946; Svore, 1960). 
In 1928 the town of Fessenden, North Dakota, established the first 
known sewage scebilisecion pond ip. the Midwesc. Tliis did tioL 
have a receiving stream for the effluent, so they decided to empty 
their sewage into a pothole about a mile and a half from the town. This 
natural pond was still in operation 32 years later, and the city had 
not experienced odor or nuisance problems (Svore, 1960). 
The first deliberately designed stabilization pond in the United 
States to handle raw .sewage on a permanent basis was constructed at 
Haddock, North Dakota, in 1948. Favorable results at the Maddock 
installation led the North Dakota Department of Health to endorse their 
use as a legitimate method of sewage treatment in that state. Subsequent 
acceptance of sewage stabilization ponds by other Midwestern states 
prompted an accelerated rate of construction (Towne et. 51-» 1957; Svore, 
1960; Towne and Horning, 1960). 
In Iowa sewage stabilization ponds have become popular among the 
smaller communities where provision for conventional sewage treatment 
sometimes is a great financial burden. This mode of treatment was not 
definitely encouraged by- the Iowa State Department of Health as was done 
in the early 1950's in the Dakotas. It was felt that a number of 
factors were not as favorable for Iowa conditions as compared to the 
Dakotas. Soil characteristics, heavier farm density, and higher land 
costs impeded early pond construction in Iowa (Schliekelman, I960). 
One temporary pond serving a housing development was constructed 
in 1954, but the first municipal pond was not constructed until 1956 
(Schliekelman, 1960). Since that time, the sewage stabilization pond 
has grown in popularity throughout Iowa; and as of Jctnuary 1, 1968, a 
total of 324 sewage Stauili^dLlon ponds were serving lown, of rins 
total, 163 serve municipalities, 22 serve industry, and the remainder 
serve schools, interstate rest areas, mobile home parks, service stations 
county homes, summer camps, and other installations. One municipality 
and six industries use their ponds for tertiary treatment (Kreamer, 1968) 
Although sewage stabilization ponds received a wide acceptance in 
the Southwest and Midwest, little data on their performance were 
available before the mid 1950's. Since then, a substantial amount of 
literature has been amassed on the subject. 
Caldwell (1946), Missouri Basin Engineering Health Council (1960), 
Oswald (1963a), Clark (1965), Marais (1966), Rollag and Dornbush (1966), 
and Klock and Durham (1967) have made valuable contributions toward the 
understanding of sewage stabilization pond operation and design. 
Sewage stabilization ponds, combined with other waste treatment 
methods, have been used successfully for recreational purposes in 
Santee, California (Askew et al., 1965; Merrell and Katko, 1966). In 
South Africa, Cillie et_ al^- (1966) have attempted to reclaim pond water 
for drinking purposes with partial success. 
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Some studies have concentrated on specific chemical and physical 
parameters. Bogan et £l. (I960), Fitzgerald and Rohlich (1964). Gates 
and Borchardt (1964), and Assenzo and Reid (1966) have studied nitrogen 
and phosphorus removal in ponds and in laboratory cultures. Suwannakarn 
and Gloyna (1963) and Stahl and May (1967) were interested in temperature 
effects on waste stabilization pond treatment; uhercas Pipes (1962) 
^ ^ II * » m ^ ^ ^ <«* ^ t > ^ ^ .-t — » " -» * 
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dissolved solids removal. 
It is generally accepted that algae liberate oxygen by photosynthetic 
action, and the oxygen in turn is used by the bacteria and other organisms 
for aerobic decomposition of organic matter (Caldwell, 1946; Meyers, 
1948; Ludwig and Oswald, 1952; Oswald et al., 1953b; Silva and Papenfuss, 
1953; Al^en, 1955; Neel and Hopkins, 1956; Fitzgerald and Rohlich, 1958; 
Van Eck, 1959; Bartsch, 1961). However, this simple generalization is 
inadequate and does not do justice to the total significance of such 
ponds in many municipal and industrial situations. Recognizing the 
complex biological, chemical, and physical interactions within this 
ecosystem, investigators are trying to discern the proper role or roles 
of the various organisms within it. 
The algae in sewage stabilization ponds received very little 
attention until 1953 (Silva and Papenfuss, 1953). At that time a study 
was initiated to supplement laboratory investigations of the role of 
algae in the purification process (Ludwig e£ a^,, 1951; Oswald et al., 
1953a; Oswald et. al-» 1953b). 
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Silva and Papenfuss's 1953 Investigation has stimulated considerable 
algal research in stabilization ponds. Allen (1955), Holler et al. 
(1955), Uhlmann (1959), Hallett (1962), Jayangoudar and Ganapati (1963), 
Minter (1963), Sivko and Sokolova (1964), Hortobagyi and Milliard (1965), 
Wiedeman (1965), Kalisz and Suchecka (1966), DeNoyelles (1967), and 
Raschke (1968) have mads studies of algal floras, succession, and relative 
abundance. Radioisotope uptake and «lyal concentrâtLcn were studied l>y 
Steel and Gloyna (1954) and Gloyna £t a^. (1955). Bogan ^  (I960), 
Gates and Borchardt (1964), and Fitzgerald and Rohlich (1964) have pur­
sued laboratory studies concerned with inorganic nutrient removal by 
algae while Pipes and Gotaas (1960), and Eppley and Maciasr (1962, 1963) 
have studied the heterotrophic nature of some algae in sewage stabili­
zation ponds. Other contributions on the role of algae in sewage 
stabilization ponds have been made by Winberg (1964), and Ehrlich (1966). 
Most bacterial studies have centered around the coliform bacteria 
and their reduction in number (Neel and Hopkins, 1956; Towne et al., 
1957; Parker e^ a^., 1959; Neel £t al., 1961; Sidio et al., 1961; 
Geldreich al., 1964; Horning ad., 1964; Malina and Yousef, 1964). 
In nearly all instances, the bacterial counts were lowered to less than 
one percent of the original concentration. Pathogenic bacteria are 
substantially reduced in sewage stabilization ponds, but the effluent 
is not completely safe (Thung, 1963; Coetzee and I'ourie, 1965; McGarry 
and Bouthiller, 1966; Conley et^ al., 1967). In an interesting study on 
an anaerobic pond. Cooper (1963) demonstrated the value of photosynthetic 
bacteria in reducing odors. 
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Viral studies are practically nonexistent. Although, Malherbe 
ar.d Coetzee (1965) did find that type 2 peliovirus is not significantly 
reduced in stabilization ponds. 
Very few reports have concentrated on animal niches in stabilization 
pond ecosystems. Loedolff (1963) and Rapp and Emil (1965) focused 
attention on the mosquito problem while other reports (Kcllen. 1953: 
Hey, 1955; Uhltnann. 1955; Loedolff. 1965: Tubh nnd Hnrr i .<. Kdv.MLi 
and Kruse, 1966; KImerle and Enns, 1968) have dealt with various 
components of the fauna. 
Other investigations by Griffith (1955), Wennstrom (1955), Bartsch 
and Allum (1957), Maloney al• (1960), O'Conner and Eckenfelder (1960), 
Orford (1960), Fitzgerald (1961), Mackenthun and McNabb (1961), Oswald 
(1962, 1963b), Uhlmann (1962), Aitken (1963), Gehm (1963), Lakshiminarayana 
eic a^. (1963), Oswald et al. (1963), Forges and Mackenthun (1963), 
Copeland et al. 1964), Hunt aud Westenberg (1964), Stouse (1964), 
Williams (1964), Cooper et (1965), Edde (1965), Fall (1965), Fisher 
and Gloyna (1965), Golueke and Oswald (1965), Hart and Turner (1965), 
Loehr and Stephenson (1965), Meron al. (1965), Stander and Meiring 
(1965), Cairns (1966), Drews (1966), King and Bunn (1966), Orr (1966), 
Oswald and Golueke (1966), Reid (1966), Oswald a^. (1967), Ullrich 
(1967), Gaan £t (1968), McKinney (1968), Olson £t al. (1968), 
Parker and Skerry (1968) have contributed to our general knowledge of 
sewage stabilization pond function. 
Due to the aforesaid investigations, it is now common knowledge 
that a series of sewage stabilization ponds can give as good if not better 
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treatment than conventional sewage treatment facilities. Therefore, a 
Piurfser of communities have established sewage stabilization ponds to 
supplement or Lo further treat the sewage from a convonCioii.il pl.int. 
Data on these tertiary sewage stabilization ponds are scnrcc. In South 
Africa, Cillie £C^ al^. (1966) and Drews (1966) studied purification 
efficiency, whereas Hey (1955) observed growth of bass and blue gills in 
tertiary ponds fed from plant effluent that had passed over graded strips 
of grassland. Loehr and Stephenson (1965) and Rapp and Emil (1965) 
studied waste reclamation and mosquito production respectively in Kansas 
and Nebraska. 
Recently, the Federal Water Quality Act of 1965, Public Law 89-234, 
placed on the state of Iowa and other states, the responsibility for 
establishing water quality criteria. To comply with this directive, the 
state of Iowa pursuant to the authority of sections 455 B.9 and 455 B.13, » 
code of Iowa, 1966, conducted hearings and established water quality 
standards to protect the public welfare and enhance the quality of water 
for public water supply, propagation of fish and wildlife, recreational, 
agricultural, industrial and other legitimate uses. Although there are 
only seven tertiary sewage stabilization ponds operating in Iowa, I 
believe the number will increase as municipalities and industries begin 
to comply with the standards set fortTT by the state of Iowa. 
In an attempt to evaluate possible procedures for meeting these 
standards, the Ames Water Pollution Control Department built a number of 
experimental ponds. One of them was made available for the present 
investigation in which the intent has been to study algal periodicity 
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and primary productivity in the experimental pond, and to study the 
extent of reduction in BOD. chemical oxygen demand (COD), solids, and 
phosphates through the plant and pond-ditch complex. 
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THE AMES WATER POLLUTION CONTROL PLANT 
AND POND-DITCH COMPLEX 
The Ames Water Pollution Control Plant (Fig. 1) is located in the 
Southeastern section of Ames, Iowa, near the junction of highways 69 
and 30. The plant is a municipal facility providing waste treatment for 
Ames, lovja Stats University, and the United States Department of 
Agriculture Ani-.al Disease Laboratory. IC recoivt-s only Lhc- flow trom 
the sanitary sewer system. Most storm water, melting snow, and other 
street drainage waters are carried away by a separate storm sewer system. 
The plant consists of a comminutor pit, control building, aeration-grit 
removal tanks, primary settling tanks, trickling filters, and final 
settling tanks. The latter two treatment processes are considered 
secondary treatment. A chlorination tank is available for public health 
protection if t'ue pldût efriueuc needs to be chlorinated. It was not 
used during this investigation. The plant also has its own sludge 
disposal system. Approximately 12,529 m^/day (3.31 million gallons per 
day) of sewage flow through the plant. Retention time is approximately 
four to six hours. The plant effluent leaves the final settling tanks, 
flows underground, and empties into the Skunk River. 
The pond-ditch complex (Fig. 2) is located east of the plant. The 
pond is 0.05 hectares (0.12 acres) in area with a water-holding capacity 
of 400m3 (105,562 gallons), and an average depth of 0,77 meters (2.53 
feet). Pond detention time is approximately 3.7 to 4.2 days. Plant 
effluent is pumped through a hose and enters the pond at the north end. 
The pond effluent leaves at the south end and flows into tlic oxidation 
ditch. 
Figure 1. Location of the Ames Water Pollution Control Plant 
Ctfy of Amas, Iowa 
1/1 Squaw Creek 
South 16th Street 
U.S. 30 
..Tertiary Sewage 
Stabilization Pond 
City of Ames 
Water Pollution 
Control Plant 
- o  
Scale; 
I inch = Ajjprox, 2,000 feet 
2.54 cm = Approx. 600 m 
Ames Municipal 
Airport 
Figure 2. Plan view of the tertiary sewage stabilization pond and oxidation ditch 
Farmland 
Treated Sewage 
from Ames Water 
Pollution Control 
Plant 
Manhole 
Sampling Points 
1. Plant 
Grit 
Influent at Aeration-
Removal Tanks (not shown) 
2. Plant Effl uent 
3. Pond 
4. Pond Effluent 
5. Ditch Effluent 
Plant Outfall 
Skunk Riv«r 
Farmland 
Scale: 
I inch = 100 feet 
2.54 cm = 30.5 m 
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The ditch (Fig. 2) is approximately 183 meters (600 feet) long with 
a maximum width and depth of 3.05 meters (10 feet) and 0.30 meters 
(1 foot) respectively at the north end. The ditch effluent flows over 
a weir, through a -pipe and into the plant effluent line. Ditch detention 
time is approximately 1.2 days. Originally the ditch was lined with 
limestone, but it has been partially obstructed with mud due to the 
burrowing cf 
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MATERIALS AND METHODS 
Waste Reclamation Study 
The waste reclamation study was initiated on August 29, 1966, and 
terminated on September 29, 1967. After taking into account plant 
operation, flow rates, detention timès, raw sewage strength, and general 
population habits, I established n randomized sampling scheme that 
attempted to loi low a thcorcticcl "slug" ot sewage through the system .it 
biweekly intervals. All grab samples were collected in an 18.9 liter 
polyethylene jug. A typical sampling schedule started on Sunday, 
Tuesday, or Friday at 0400, 1200, or 2000 hours with a collection at 
the aeration-grit removal tanks (station 1). Based on the known 
detention times, subsequent samples were collected throughout the week 
at the designated stations (Fig. 2). Sample collections at station 3 
were acquired by boat from August 29, 1966, to April 29, 1967, and 
thereafter were procured from a dock (Fig. 2). All collections at this 
station were obtained by immersing the polyethylene jug 15-30 cm under 
the surface. 
Temperature was determined with a Fisher Scientific precision 
thermometer immediately after each sample was procured. Each sample was 
brought into the laboratory within one half hour of collection, and pll 
was determined immediately with a Beckman Zeromatic II or Model M pH 
meter. Following the recommendations of Fogarty and Reeder (1964) and 
Morgan and Clarke (1964), each sample was mixed well and a portion put 
into polyethylene bags and frozen at -30°C until such time as procedures 
for determinations of 5-day biochemical oxygen demand (BOD), COD, solids 
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(dry weight) and volatile solids (ash-free weight) could be initiated. 
For total phosphate content, 100 ml of each sample was pipetted into a 
250 ml Erlentneyer flask, chloroform was added as a preservative, and the 
sample was refrigerated at 3°C for future analysis. 
Another portion was prepared for a later analysis of filtered BOD, 
total dissolved and volatile solids, and dissolved phosphates. This 
pcrticr. vac rr.ixed well arid tilfcered through Miiiiporp Filter microfiber 
glass prefliters, and Millipore Filter type AA (0.8(^ ^  0,0^) filters 
which removed the algae and possibly other particulate matter. Part of 
the filtrate was frozen for future BOD analysis. The remaining filtrate 
was then filtered-through Millipore Filter type GS (0.2^1" 0.0^) filters 
which presumably removed the bacteria. The portions to be used for 
^ total dissolved solids and dissolved volatile solids determinations were 
frozen. The remaining portion was pipetted into an Erlenmeyer flask, 
preserved with chloroform, and refrigerated for future total dissolved 
phosphate and orthophosphate analysis. The above portions were filtered 
with a Cast Model 0211 vacuum pump at less than 10 psi. 
Solids, BOD'S and COD's were usually analysed within one or two 
weeks, and phosphates, especially orthophosphates, were analyzed within 
one week. Chemical oxygen demand, solids, and phosphate analyses were 
done according to Standard Methods (1965). Biochemical oxygen demand 
was done according to Standard Methods (1965) except the DO was deter­
mined with a Bausch and Lomb Spectronic 20 colorimeter according to the 
method of Oulman and Baumann (1956). At various times during the spring 
and summer analyses for ammonia-nitrogen, nitrate-nitrogen, nitrite-
17 
nitrogen, sulfate, iron, calcium hardness, total hardness, total 
alkalinity, and phenolphthalein alkalinity were made with a Hach DR 
(Direct Reading) Engineer's Portable Laboratory (Hach Chemical Company, 
Ames, Iowa). 
To discern significant differences among the stations, a factorial 
analysis (model 3 assumed) was used, and a least significant difference 
(T.sn) nnnlysis was 'JSed for COmpdrlftji StdtLorï rne^ins (0^ bl r, 1964). 
Primary Productivity Studies 
Plankton and benthic primary productivity studies were initiated on 
June 6, 1967, and completed on September 28, 1967. Selection of sample 
sites with apparently uniform growths of benthic algae was difficult due 
to the heterogeneity of the benthic population, gas production under 
the "mats", and dense growths of plankton algae. In view of the highly 
eutrophic conditions in sewage stabilization ponds, the recommendations 
of Nielsen (1952), Goldman and Wetzel (1963), and Wetzel (1966) were 
followed and a 1ight-and-dark bottle oxygen technique was employed 
(Gaarder and Gran, 1927). This method, in common with all other methods 
for primary production determinations, is not devoid of potential errors 
(Pratt and Berkson, 1959; Strickland, 1960; Hepher, 1962; Beyers, 1966; 
Vollenweider, 1966). In an attempt to reduce the effects of errors, 
oxygen samples were not taken during the period of either supersaturation 
or very low oxygen levels, and most experiments were performed between 
0800 and 1500 hours with a duration of less than 3 hours. 
Four bell jars were employed in this study. Two were used for 
measuring the productivity of plankton and two were used to measure the 
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productivity of plankton plus benthic algae. In each set one jar was 
dark in order to permit evaluation of total respiratory use of oxygen and 
relate this to gross primary productivity. The dark bell jars were 
wrapped with Scotch Brand vinyl plastic electrical tape number 33 
(Minnesota Mining and Manufacturing Company, St. Paul) (Fig. 3). All 
four bsll jars were placed in approximately 0.28 of water ir. a line 
parallel Co SîiOi'ê. our WâS Cillcu wLLti pOtiu wdLcr uuifLci^ . 
The two bell jars used for evaluating plankton primary productivity were 
equipped with a plexiglass plate* (Fig. 4) across the bottom which 
effectively eliminated the benthic algae contribution. The other two 
jars, without the plates, were used for evaluating the combined benthic 
and plankton algae primary productivity. An opening in the plate 
facilitated filling. Two plastic hoses and a stirrer were inserted 
through Che rubber stopper used to seal the top of each sampler. All 
samplers were 17.8 cm in diameter, 0.28 m high and had a volume of 
approximately 6 liters. One of the hoses was connected to a series of 
five 305 ml BOD bottles and then to a Cast vacuum pump (Model 0211) 
(Fig. 5) which was operated at 2 psi whenever subsamples were withdrawn 
for analyses. The second hose was used to replace the lost water, nnd 
the stirrer was used to eliminate layering effects. The first three 
subsamples in the train were fixed with manganese sulfate and alkali-
iodide-azide solutions and initial time recorded. The ini: 1 oxygen 
concentrations were determined in the Ames Water PolluLion Control Plant 
laboratory after all the initial subsamples were collected. The modifi­
cation for high DO or organic content (Standard Methods, 1965) was used 
Figure 3. Dark plankton plus benthic bell jar wrapped with black vinyl 
electrical tape 
Figure 4. Light plankton bell jar with plexiglass plate 
Figure 5. Equipment for productivity studies assembled in the field. 
A hose from one of the bell jars is connected to a 
series of BOD bottles which are connected to a vacuum pump 
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l'or all oxygen determinations except that PAO (Phenyl.nrs inc oxide) w;is 
substituted for sodium thiosulfate because it is more stable tiian the 
sodium thiosulfate. After an allotted time, water in each bell jar was 
gently stirred, the hoses were opened, subsamples were drawn off and 
fixed, and the time recorded. Determinations of final oxygen concen­
trations were completed after all subsamples were collected. 
To convort oxvpph diffprpnrPR info prams of rnrhan fivr»;! 
Strickland's (1960) formulas including his recommended photosynthetic 
quotient of 1.2 were used. The daily values for productivity rates were 
calculated (Wetzel, 1964b) from pyrheliometer data provided by the Town 
State University Meteorology Department. The Eppley pyrheliometer (Eppley 
Laboratories, Inc., Newport, Rhode Island) is located on the Agronomy 
Building of Iowa State University, 8.8 km (5.5 miles) from the pond. All 
data recorded in GC/m^ refers to the amount of carbon under one to n 
depth of CL28m. Values from Hodgman (1959) were used to convert methane 
into energy units. 
Diurnal Oxygen Measurements 
Diurnal oxygen and temperature data at the pond were collected 
twice a month from August 29, 1966, to September 28, 1967. Three hour 
sampling intervals were usually adhered to during onch of tlie 24-hour 
periods. Samples were collected with a 1200 ml modified plastic 
Kemmerer water sampler. Oxygen was determined by the azide modification 
of the iodometric method or the high DO or organic content method 
(Standard Methods, 1965). PAO was substituted for sodium thiosulfate. 
The term, algae, has been applied to such a great variety of plant 
groups, and has been given so many interpretations that it has no precise 
meaning. For purposes of this study, the definition of Silva and 
Papenfuss (1953) was used. "An alga is a chlorophyll containing 
unicellular or multicellular organism devoid of conducting tissue, with­
out morphological differentiation into roots, stoms, and lecfvcs, and 
with unicellular reproductive oigaas."-*- -
Two zones in the pond referred to .repeatedly throughout Luis 
dissertation, the plankton and benthal zones, require a definition of 
usage to avoid misinterpretation. The plankton zone refers to the open 
water, and plankton organisms are those free-floating organisms which 
inhabit this zone. The benthal zone includes the wet shore and 
bottom of the pond. Benthic organisms are located in this habitat. At 
times it is difficult to classify organisms according to habitat, 
especially benthic organisms that are sometimes found in the plankton, 
but for my purposes algae are classified as either benthic or planktonic 
if they appear to spend an active part of their life in either habitat. 
This decision is based on their dominance and persistence in either 
habitat, the literature, and my general knowledge of conditions in the 
pond. 
Algal samples were collected both routinely and at random. Plankton 
samples were collected with the polyethylene jug or in 305 ml BOD bottles. 
Benthic samples were collected from the bottom of the pond with the 
Horizontal Sampler (Raschke, 1968) and near the edge and around the bell 
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jars with pipetts. The collections were usually examined the same day, 
but if the examination could not take place immediately, the 5«m»les 
were preserved in Transeau's six-three-one solution (Prescott, 1962). 
Algal identifications were made with a Leitz-Wetzlar Laborlux 
microscope at lOOOx using bright-field or phase contrast lenses. 
Diatom species identifications and verifications were made from burned 
mounts, i.e.» the material was incinerated on a cover slip nt nnprox-imnrply 
lOOO^F for 20-30 minutes and mounted in Permount or l'y rax (KI=] .65) 
(Weber, 1966). Schmidt (1874-1944), Hustedt (1930, 1939, 1961-1966), 
Geitler (1932), Smith (1950), Gojdics (1953), Pringsheim (1956), 
Desikachary (1959), Huber-Pestalozzi (1961), Prescott (1962), Prescott 
and Vinyard (1965), and Patrick and Reimer (1966) were used to identify 
genera and species. To aid in species identifications of Chlorella 
and Ankistrodesmus, cells were grown in soil-water cultures and Chu 10 
(Chu, 1942) media. 
Enumerations were made with an AO Spencer MicroStar bright-field 
microscope at a magnification of 210x. The Sedgwick-Rafter strip 
counting technique (Williams and Scott, 1962; Weber, 1966) was used 
for recognizing genera and counting. Sedgwick-Rafter counts were made 
as clump counts in which each single-celled Individual, single filaments, 
and natural clumps of cells were enumerated as one. An additional 
proportional count of 100 cells was made at lOOOx on the Laborlux 
microscope when certain species of a genus, especially Chlorella, could 
not be distinguished in the Sedgwick-Rafter cell. If species of n genus 
recognized in the Sedgwick-Rafter cell were not then encountered in tlic 
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proportional count, the counted individuals were assigned only to a genus, 
i.e., Seenedessus sp. The final species number was then determined by 
converting the proportional counts into percentages and multiplying this 
by the total Sedgwick-Rafter count for each genus. 
Each benthic collection was diluted with an equal volume of water to 
reduce counting errors and allow for sample comparisons. Species ot 
blue-green algae were counted and identified like the plankton but, yince 
most diatom species cannot be idcnfified at 210x magnification, only the 
total numbers of diatoms were recorded. In an attempt to estimate live 
diatom species, proportional counts were made at lOOOx magnification. 
Species identifications were verified with Hyrax mounts and the final 
species numbers were obtained by applying percentages to the total 
Sedgwick-Rafter count of all diatoms. Due to the benthic sampling method, 
all counts are relative and reported as number of cells per unit. The 
benthic flora on the bottom of the pond was negligible, probably due to 
insufficient light penetration through the dense plankton. Therefore, 
all reported benthic data are from the edge and 0.28m level. 
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KKSULTS AND DISCUSSION 
Appear.'incfc .-ind General Condition of the I'ond-l)itcli Complox 
From August 29, 1966, to October 19, 1966, the pond-ditch complex 
was various shades of green and appeared to be functioning "normally". 
The pond commenced to turn a greenish-white in mid-October and became 
gray in the winter. The premature decline was attributed to the 
systematic flooding of the three trickling filters from -September 28, to 
October 27, 1966 (Shobe, 1967). From December 14, 1966, to March 29, 1967, 
the pond and ditch were frozen and usually covered with snow except at the 
influents. 
The pond and ditch were completely ice-free by March 29, 1967, and 
during the thaw no perceptible or disturbing odors were noticed. During 
the remainder of the study, the pond was either clear or exhibited shades 
of green. 
Muskrats were first noticed in the pond-ditch complex on September 7, 
1966. They were a nuisance in the fall, spring, and summer and almost 
obstructed the ditch by burrowing underneath the bed. 
Composition of the Algal Flora 
Throughout the year coccoid green algae and green flagellates 
dominated the plankton (Tabic 1), while pennate diatoms and filamentous 
blue-green algae dominated t!ie benthic flora (Table 2). Green flagel­
lates were dominant in the winter and early spring while coccoid greens 
were dominant through the summer and fall. 
Table 1. Total numbers of plankton algae* in tlio pond (station 3) and dii:cli influent (siiation 4) 
Station 3 Station 4 
Coccoid Green Coccoid Green 
Date greens flagellates Other Total greens flagellates Other Total 
8/30 & 9/1 314,322 25,287 0 
J 
339,609 1,424,402 11,730 3,976 1,440,108 
9/20 & 9/22 574,353 8,350 0 582,703 1,388,319 6,760 8,350 1,403,429 
10/6 & 10/8 2 ,562,932 3,779 199 2,566,910 2,388,185 1,193 0 2,389,378 
10/17 & 10/19 2 ,053,644 120 80 2,053,844 671,944 995 199 673,138 
11/12 76,231 491 20 76,742 
11/19 & 11/21 18,092 319 179 18,590 4,692 99 100 4,891 
12/15 20 338 239 597 
12/18 & 12/20 44 80 40 164 20 258 139 417 
1/27 0 1,511 180 1,691 
2/10 0 13,081 0 13,081 
2/24 & 2/26 20 27,156 80 27,256 199 29,422 60 29,681 
3/10 1,471 39,839 40 41,350 
4/12 & 4/15 3,058 4,326 0 7,384 551 0 0 551 
4/26 & 4/28 28 21,076 0 21,104 0 7,273 0 7,273 
5/4 0 13,720 0 13,720 
5/10 111 16,585 276 16,972 
5/17 401,734 1,349 28 403,111 284,041 %,929 276 286,246 
5/28 & 5/30 0 0 0 0 0 28 83 111 
6/8 & 6/10 248 193 1,102 1,543 441 7,273 9,422 1.7,136 
6/20 553,206 0 0 553,206 8,727,840 0 0 8,727,840 
6/22 332,760 0 0 332,760 
6/25 0 0 0 0 
6/27 & 6/29 0 56 110 166 ' 111 28 0 139 
7/2 889,590 1,433 275 891,298 
7/7 2 ,959,146 1,378 276 2,960,800 
7/9 & 7/11 2 ,135,622 165 0 2,135,787 1,052,952 1,654 551 1,035,157 
^In counts/ml 
Table 1. (continued) 
Date 
Station 3 
Coccoid Green 
greens flagellates Other Total 
Station 4 
Coccoid Green 
greens flagellates Other Total 
7/12 841,102 7,714 0 848,816 
7/18 1,694,876 5,510 0 l, 700^ 386" 
7/23 & 7/25 2,551,681 8,816 0 2,560,497 2,151,655 52,345 0 2,204,000 
7/25 1,661,265 829 0 1,662,094 
6/2 1,220,467 278,255 276 1,498,998 
8/7 297,540 37,468 276 335,284 • 
8/10 & 8/12 326,743 120,394 552 447,689 2,161,298 3),810 28 2,201,136 
8/12 2,079,473 125,684 0 2,205,157 
8/21 953,836 6,061 28 959,925 
8/27 2,370,953 11,213 28 2,382,194 
8/29 & 8/31 4,365,020 38,267 689 4,403,976 2,483,909 8,293 111 2,492,313 
9/1 14,705,914 0 28 14,705,942 
9/14 & 9/16 937 28 166 1,131 2,259 0 111 2,370 
9/21 30,360 689 1,047 32,096 
9/26 & 9/28 761,537 22,812 606 784,955 1,151,866 37,714 331 1,159,911 
9/28 1,884,695 12,177 716 1,897,588 
» 
Table 2. Total numbers of benthic algae^ in 
Station 3 
Pennate Filamentous 
Date diatoms blue-greens Other 
8/30 & 9/1 59 0 0 
9/20 0 0 0 
10/17 & 10/19 0 3 0 
11/19 & 11/21 1 0 0 
12/18 & 12/20 0 1 0 
1/27 0 9 0 
2/10 
2/24 & 2/26 18 12 0 
3/10 0 2 2 
3/20 & 3/22 1 37 0 
3/29 4 28 0 
4/12 87 45 0 
4/26 & 4/28 84 84 0 
5/4 24 1,832 0 
5/10 1,360 480 25 
5/17 18,746 872 14 
5/28 & 5/30 131,040 10,087 0 
6/8 & 6/10 147,420 18,720 0 
6/20 4,140 1,170 0 
6/22 4,403 1,009 0 
6/27 & 6/29 8,280 683 0 
7/2 1,302 518 0 
1 / 1  1,665 1,170 0 
7/9 & 7/11 1,388 1,455 0 
7/12 420 180 0 
7/18 602 98 0 
7/23 & 7/25 234 42 0 
^In counts/unit 
the pond (station 3) and ditcb influent (station 4) 
Total 
Statiom 4 
Pennate Fil.Jmentous 
diatoms bluii-greens Other Total 
59 510 0 0 510 
0 
3 868 6 48 922 
1 3 0 42 45 
1 48 0 3 51 
9 3 0 0 3 
0 0 0 0 
30 72 0 4 76 
4 10 10 5 25 
38 120 738 0 858 
32 
132 
168 1,133 550 0 1,683 
1,856 3,410 770 0 4,180 
1,865 12,240 486 0 12,726 
19,632 231,660 522 0 232,182 
141,127 332,280 , 700 0 334,960 
166,140 180,180 67,860 0 248,040 
5,310 
5,412 
8,963 676 2,250 0 2,926 
1,820 
2,835 
2,843 1,620 54 0 1,674 
600 
700 
276 936 42 0 978 
Table 2. (continued) 
Station 3 Station 4 
Pennate Filamentous Pennate Filamentous 
Date diatoms blue-greens Other Total diatoms blue-greens Other Total 
7/25 66 14 0 80 
8/2 126 162 0 288 
8/7 20 60 0 80 
8/10 & 8/12 184 916 0 1,100 738 108 0 846 
8/12 324 1,494 0 1,818 
8/21 116 192 0 308 
8/27 48 72 0 120 
8/29 & 8/31 141 392 0 533 4,200 .'50 15 4,265 
9/1 266 714 0 980 
9/14 & 9/16 3,255 910 0 4,165 18,540 1,080 9 19,629 
9/21 828 1,188 0 2,016 
9/26 & 9/28 1,159 4,084 12 5,255 8,010 2,700 0 10,710 
9/28 2,385 9,450 0 11,835 
30 
Eighteen genera and twenty-nine species of algae were identified in 
the pond and at the ditch influent (Table 3). The pennate diatoms 
represented the greatest number of species. The presence of members of 
the Volvocales, Chlorococcales, Euglenales, and Oscillatoriales, as well 
as the seasonal dominance of green flagellates and coccoid greens is in 
general agreement ^ith ether reports in the literature (Sllva and 
P^ipcr.fuGG, 1953; oc-ei and Uopkins, 1935; Neel Raschkp, 
1968). 
All identified diatom species 'n this study except Navlcula excelsa, 
Navicula gregaria, Navicula kriegeri, and Nltzschia latens, have been 
reported from the Skunk River above and below the Ames Water Pollution 
Control Plant outfall (Shobe, 1967). It is interesting to note that 
centric diatoms belonging to the genera Cyclotella and Stephanodiscus 
were occasionally dominant just below the outfall (Shobe, 1967), whereas 
none were observed in the stabilization pond or ditch. Although 
spocies in these genera are usually considered planktonic, they do grow 
on suspended slides (Weber and Raschke, 1966) and have been observed 
growing on the bottom of small streams.* If the majority of the centric 
diatoms are autochthonous and thriving in plant effluent below the out­
fall, one would expect them in tlie pond since animal migration between 
the two habitats would result in a natural transfer of diatoms. The 
question arises as to what is antagonistic to growth of centric diatoms 
in the pond. 
*Reimer, C.I., Curator, The Academy of Natural Sciences of 
Philadelphia, Philadelphia, Pennsylvania. Centric diatoms on the bottom 
of small streams. Private communication. 1968. 
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Tabic 3 . A 1 i s t of the algae found in the Ames tertiary sewage 
stabilization pond and ditcli Lnfluont 
Chiorophyta" 
Volvocales-
Ulotrichales— 
Chiorococcaies-
Euglenophyta 
Euglenales-
Chrysophyta 
Per.nales — 
Cyanophyta 
Osc illatoriales-
-Chlamydomonas spp. 
Chlamydomonas oelerr ima Pascli. 
Chlamydomonas tremulnns Sknja 
Chlorogoniurn acus Nayal 
Chlorogonium fus 1 forme Macw. 
Eudorina sp. 
-StigeocIonium sp. 
-Ankistrodesmus convolutiis Corda 
Chlorella el1ipsoidea Oernock 
Chlorella vulgaris Beyerinck 
Coelastrum sp. 
Crucigenia irregular is Wil1e 
Kirchneriella sp. 
Mlcractinium pusillum Fresenius 
Oocystis sp. 
Scenedesmus sp. 
-Euglena spp. 
Euglena pisciformis Klebs 
•Gomphonema parvulum Kutz. 
Hantzschia sp. 
Navicula accomoda Hust. 
Navicula cuspidata var. amb igua 
(Ehr.) CIeve 
Navicula excelsa Krasske 
Navicula gregaria Donk. 
Navicula kriegeri Krasske „ 
Navicula lanceolata (Ag.) Kutz. 
Nitzschia spp. 
Nitzschia accomodata liust. 
Nitzschia amphibia Grun. 
Nitzschia communis Rabh. 
Nitzschia diserta Hust. 
Nitzschia fonticola Grun. 
Nitzschia latens Hust. 
Nitzschia palea (Kutz^ W. Smith 
Nitzschia thermal is Kiltz. 
-Oscillatoria amoena (Kutz.) Gomont 
Oscillatoria okeni: Ag. ex Gomont 
Oscillatoria tenuis var. natans Gomont 
Oscillatoria terebriformis Ag. 
^Classification according to Smith, 1950 
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Algal Periodicity 
The plankton and benthic algae followed a seasonal cycle in the pond 
and ditch fFi%. 6). Benthic populations were more diverse and abundnnL 
in the spring and summer (Tables 4 and 5) (Fig. 6). At station 4 
(Table 5) benthic populations appeared to establish themselves quickly 
and grow better than those in the pond (Table 4). Tins could be 
attributed primarily to the different substrates. The pond soil was loss 
stable* than the limestone of the ditch. The plankton flora was more 
diverse and had large populations in the fall, spring, and summer 
(Tables 6 and 7) (Fig. 6). Due to a systematic alteration of the plant 
effluent from September 28, 1966, to October 27, 1966, (Shobe, 1967) it 
appeared that the benthic and planktonic floras were reduced prematurely 
in the fall (Fig. 6). In the following year the experimental modifica­
tion of the effluent was not repeated and the benthic flora persisted 
through December. 
One of the original objectives of this study was to concentrate on 
the benthic flora, but it was apparent in the first few months of pond 
operation that this flora was not extensive and was affected greatly by 
the plankton (Fig. 6). Light extinction due to absorption by plankton 
may have limited benthic growth, but other possible causal factors 
cannot be disregarded and are discussed below. 
••Huggins, T., Graduate Student, Iowa State University, Ames, Iowa. 
Sewage stabilization pond benthos. Private communication. 1967. 
Figure 6. Algal periodicity in the Ames tertiary sewage stabilization pond. Total algae ( 
and Chlorella ( • ) are in counts/ml, and total benthic algae ( ) is 
in counts/unit 
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Table 4. Benthic algal periodicity in the Ames tertiary sewage 
stabilization pond 
Species Date 
8/30 9/20 10/17 11/19 12/18 1/27 2/24 3/10 
Nltzschia ipalea 1^ 1 11 
Oscillatoria tenuis var. natans 11 1 11 
Scigeoclonium s p .  t 
Oscillatoria okeni 
Navicula excelsa 
Nnvi ni 1n r  onmo. 1 q 
Nitzschia fontlcola 
Hantzscfaia sp. 
Navicula kriegeri 
Oscillatoria terebriformis 
Nitzschia thermalis 
Nitzschia latens 
Nitzschia accomodata 
Nitzschia diserta 
Nitzschia sp. #4 
Nitzschia sp. #5 
Nitzschia sp. #6 
Gomphonema parvulum 
Navicula lanceolata 
Navicula sp. #2 
Nitzschia amphibia 
Nitzschia communis 
Navicula cuspidata 
Oscillatoria amoena 
^Numbers denote relative abundance based on Sodgwick-RaCter counts: 
1 to 1,000 = 1 (In counts/unit--refer to materials and methods) 
1,001 to 5,000 = 2 
5,001 to 10,000 = 3 
10,001 to 50,000 = 4 
50,001 to 100,000 = 5 
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Table 4. (continued) 
3/20 3/29 4/12 4/26 5/4 5/10 5/17 
Date 
5/28 6/8 6/20 6/22 6/27 7/2 7/7 7/9 7/12 
1 1 1 
1 
1 
1 
1 
2 
1 
4 
1 
4 
4 
2 
1 
2 
1 
2 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 1 1 I 1 1 I 2 1 1 1 1 
i 2 1 
1 1 1 2 J 1 i L i 1 L 
1 2 I 1 L L L L L 
1 
1 
2 1 1 1 1 
1 
1 1 4 4 2 2 2 1 1 1 1 
4 
4 2 
4 
2 
2 
2 
1 I 
1 1 
1 1 
1 i 
1 
Table 4. (continued) 
Species Date 
7/18 7/23 7/25 8/2 8/7 8/10 8/12 8/21 8/27 
Nltàsschia palea 1111 1 
Oscillatoria tenuis var. natans 1111112 11 
Stigeoc Ionium sp. 
Oscillatoria okeni 
Navicula excelsa 
N'GVlCU La accomoda i 1 1 1 1 L L 1 
Nitzschia fonticola 1111 1 i 1 
Hantzschia ap. 
Navicula krlegeri 
Qsci1latoria terebriformts 
Nitzschia thermalis 
Nitzschia latens 
Nitzschia accomodata 1111 11 
Nitzschia diserta 1111111 
Nitzschia sp. #4 
Nitzschia sp. #5 
Nitzschia sp. #6 
Navicula lanceolata 1 
Navicula sp. #2 1 
Nitzschia amphibia 
Nitzschia communis 
Navicula cuspidata 
Oscillatoria amoena 
% 
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Table 4. (continued) 
Date 
8/29 9/1 9/14 9/21 9/26 9/28 
i  1 1 1 1 1  
1 1 1 2  2  3  
i 1 1 
1 1 1 1 1 1  
1 I 
11 11 
1 1 
1 1 I 1 1 1 
1 1 2  1 1 1  
1 
1 1 1 1 1 1  
1 
1 1 1 
2 2 
Table 5. Benthic algal periodicity in the Ames oxidation ditch influent 
Species 
9/1 10/19 
Dace 
11/21 12/20 1/27 2/10 2/26 
Nitzschia thermalis 1® 1 1 
Nitzschia palea 1 1 1 1 1 
Nitzschia fonticola 1 1 1 
Navicula accomoda 1 1 I 
Gomphonema narvulum 1 1 
Navicula cu.spidata 1 
Nitzschia diserta 1 1 
Navicula kriegeri 1 1 1 
Nitzschia sp. #1 1 
Nitzschia communis 
Oscillatoria tenuis var. natans 
Oscillatoria okeni 
Stigeoclonium sp. 
Oscillatoria terebriformis 
Oscillatoria araoena 
Navicula gregaria 
Navicula sp. #1 
Nitzschia accomodata 
Nitzschia sp. #2 
Nitzschia amphibia 
Navicula lanceolata 
Nitzschia sp. #3 
Numbers denote relative abundance based on Scdgwick-Rafter counts: 
1 to 1,000 = 1 (In counts/anit--refer to materials and methods) 
1,001 to 5,000 = 2 
5,001 to 10,000 = 3 
10,001 to 50,000 = 4 
50,001 to 100,000 = 5 
100,001 to 500,000 = 6 
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Table 5. (continued) 
Dace 
3/10 3/22 4/28 5/4 5/10 5/17 5/30 6/10 6/29 7/11 7/25 8/12 8/31 9/16 9/28 
1 1 2 3 6 6 6 1 1 1 1 1 1 1  
1 1 1 1 1  2 2 1 1 1 1 1 2 2  
1  2  ^ 1 1 1 1 4  2  
1 1 1 1 2 4 4 3 1 1 1 1 
1 1 2  1 1  
1 1 
1 1 
1 1 
1  1 1 4  2  1 1 1 1 2  
1 1 1 1 1 1 2  4  1 1 1 1  
1 1 1 
1 1 
1 2 
1 
1 . 1 
3 
1 
1 1 1 1 1  
1 1 2 
i 
Table 6. Plankton algal periodicity in the Ames tertiary sewage 
scabilizacion pond 
Species Date 
8/30 9/20 10/6 10/17 11/12 11/19 12/15 
Chlorella vul&aris 
Chlorella ellipsoidea 
Ankistr0desmus convolutus 
CoeLastrum sp. 
Euglena spp. 
Chlamydomonas spp. 
Chlamydomonas celerrima 
Crucigenia irregularis 
Chlorogonium acus 
Micractinium pusilium 
Scenedesmus sp. 
Kirchneriella sp. 
Chlamydomonas tremulans 
Euglena pisciformis 
Chlorogonium fusiforme 
6' 
5 
0 
1 
4 
7 
7 
4 
3 
3 
4 
8 
6 
5 
1 
? 
^Numbers denote relative abundance based on Sedgwick-RaTtfr counts;(in 
counts/ml) 
1 to 1,000 = 1 
1,001 to 5,000 = 2 
5,001 to 10,000 = 3 
10,001 to 50,000 = 4 
50,001 to 100,000 = 5 
100,001 to 500,000 = 6 
500,001 to 1,000,000 = 7 
1,000,001 to 5,000,000 = 8 
5,000,001 to 10,000,000 = 9 
41 
Date 
12/16 2/24 4/12 4/26 5/4 5/10 5/l7 5/28 6/8 6/20 6/22 6/25 6/27 7/2 7/7 7/9 
1 5 6 6 6 7 7 
6 6 6 7 8 8 
i 1 3 3 2 4 4 
1 1 
I 2 4 4 4 1 
ii 11 
1 
1 
1 
1 
Species Date 
7/12 7/18 7/23 7/25 8/2 8/7 A/IO H/ll 
Chlore 11a vulgaris 6 6 6 6 S S A 
Chlorella elllpsoidea 7 8 6 6 6 6 6 
Ankistrodesmus convolutus 4 5 8 8 / 4 4 
Coelascrum sp. 
Euglena spp. 
Chlamydomonas spp. 3 2 2 ' )  
Chlamydomonas celerrima 
Crucigenia irregularis 
Chlorogonium acus 
Micractinium pusilium 
Scenedesmus sp. 
Kirchneriella sp. 
Chlamydomonas tremulans 2 2 1 5 3 1 
Euglena pisciformis 2 6 2 
Chlorogonium fusiforme 1 6 4 6 
4-j 
Date 
8/21 8/27 8/29 9/1 9/14 9/21 9/26 9/28 
4 4 
7  8 8  1 0  1 4 7 8  
4 6 6 3 2 3 5 
11 ii 
11 1 4 4 
3 4 4 
Table 7. Plankton algal periodicity in tlio Ames oxidntion dilcli iiifhiont 
Species Date 
9/1 9/22 10/8 10/19 11/21 12/20 1/27 2/10 
Chlorella vulgaris 8^ 7 6 6 2 
Chlorella ellipsoidea 6 6 8 
Ankistrodesmus convolutus 2 6 7 6 2 
Euglena spp. 4 2 1 1 
OocystLs sp. 1 
Chlamydomonas spp. 1 2 2 1 1 
Chlamydomonas celerrima 2 4 
Coelastrum sp. 
Chlorogonium acus 
Micractinium pusillum 
Eudorina sp. 
Euglena pisciformis 
Chlamydomonas tremulans 
Chlorogonium fusiforme 
^Numbers denote relative abundance based on Scdgwick-Rafter counts;(in 
counts/ml) 
] to 1,000 = 1 
1,001 to 5,000 = 2 
5,001 to 10,000 = 3 
10,001 to 50,000 = 4 
50,001 to 100,000 = 5 
100,001 to 500,000 = 6 
500,001 to 1,000,000 = 7 
1,000,001 to 5,000,000 = 8 
5,000,001 to 10,000,000 = 9 
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Table 7. (continued) 
Date 
2/26 3/10 4/15 4/28 5/17 5/30 6/10 6/20 6/29 7/11 7/25 8/12 8/31 9/16 9/28 
2 1  5  8 1 6 6 6 6  
6  9  7 6 8 8 2 8  
1 1 5 5 8 4 4 14 
4 4 
1 
4 
4 
4 3 
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Nâvicula accomoda, Nitzschia palea, Nitzschla thermalIs, 
Qsclllatoria okeni, and Osclllatoria tenuis var. natans were quite 
persistent and usually dominent or codotninant in the ditch while 
Nitzschia palea and Oscillatoria tenuis var. natans were persistent and 
dominant or codotninant in the pond. Ail of these species have been 
associated wich eucrophic environments (iiustcuL, 1930; DtS ikaclicu'y, 
Prescocc, 1V62; Patrick and jv66). in inbies 4 and •> ii is 
evident that species occurring in the ditch dur in# the fall appeared in 
the pond the following spring. Assuming that rauskrats and other animals 
probably transported cells from one habitat to the other it would appear 
that substrate stability could be a very important factor in establishment 
of benthic algal species in the pond. 
The plankton dominated the pond-ditch complex, and will be 
emphasized throughout the remainder of this thesis. Ankistrodesmus 
convolutus, Chlorella ellipsoidea, and Chlorella vulgaris were the most 
persistent and dominant species, especially during the tall, late spring, 
and summer (Tables 6 and 7). The dominance of Chlamydomonas and Eu^lena 
species in late winter and early spring and the dominance of Clilorel 1 a 
and other coccoid green algae in the summer are in general agreement witli 
the report of Neel _et al^. (1961). 
From May 17, 1967, to September 28, 1967, species of Chlorella were tlie 
dominant algae except for a short period (July 23 to August 2) when 
Ankistrodesmus convolutus was dominant (Table 8). Several times during 
this period both the Chlorella counts and the total population suddenly 
decreased; the water being like pea soup one day, and practically clear 
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Table 8. Total numbers 
stabilization 
of plankton algae^ 
pond 
in the Ames tertiary sewage 
Date Chlorella Ankistrodesmus Other Total 
5/17 401,679 55 1,377 403,111 
5/28 0 0 0 0 
6/8 0 0 1,543 1,543 
6/20 544,389 8,54i 2 7b 553,206 
6/22 327,635 5,125 n 332 760 
6/25 0 0 0 0 
6/27 0 0 166 166 
7/2 888,212 1,378 1,708 891,298 
7/7 2,936,830 22,040 1,930 2,960,800 
7/9 2,105,648 29,974 165 2,135,787 
7/12 798,950 41,876 7,990 848,816 
7/18 1,628,205 66,671 5,510 1,700,386 
7/23 524,001 2,027,129 9,367 2,560,497 
7/25 460,085 1,201,180 829 1,662,094 
8/2 316,825 903,640 278,533 1,498,998 
8/7 271,092 26,448 37,744 335,284 
8/10 313,519 12,673 121,497 447,689 
8/12 2,059,637 19,836 125,684 2,205,157 
8/21 916,864 36,972 6,089 959,925 
8/27 2,012,803 358,150 11,241 2,382,194 
8/29 3,868,020 494,247 41,709 4,403,976 
9/1 14,699,578 6,336 28 14,705,942 
9/14 937 0 194 1,131 
9/21 29,203 1,157 1,736 32,096 
9/26 752,115 9,422 23,418 784,955 
9/28 1,812,239 72,456 12,893 1,897,588 
^In counts/ml 
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the next. A few days later, cladocerans and rotifers became evident in 
great numbers. These zooplankton surges were noticed on June 27, and 
from September 14 to 22. Zooplankton organisms were also observed on 
August 10 and 21. Unfortunately, the preservative destroyed the zoo­
plankton and counts were not obtained. During these periods of dccrcnsed 
algal numbers, Chlorella cells observed in tlie benthic saniples appeared 
Sudden and periodic algal losses and subsequent zooplankton increases 
have been observed previously. Ehrlich (1966) noticed in stabilization 
pond effluents that Daphnia did not appear spontaneously until the algal 
population had been reduced previously during prolonged detention times. 
Loedolff (1965) also noted that very high concentrations of algae 
prevented cladocerans from becoming dominant. Stahl and May (1967) 
observed in some stabilization ponds that no rotifers or crustaceans wore 
seen when blooms consisting primarily of Chlorella (average 10 million 
cells/ml) were present. 
Algal periodicity in sewage stabilization ponds is usually attributed 
to physical or chemical control. However, there are a few reports on 
biological influences (Uhlmann, 1959; Ehrlich, 1966; Kalisz and 
Suchecka, 1966; DeNoyelles, 1967) that attribute algal fluctuations to 
zooplankton grazing. 
Another explanation for algal and zooplankton periodicity is based 
on Hardy's exclusion theory (Hardy, 1936; Ryther, 1954). The genus 
Chlorella has been used frequently to demonstrate the possible validity 
of this theory. 
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Pratt and Fong (1940), Pratt (1942, 1943, 1944a, 1944b,J^948), and 
Pratt _ct (1945) working primarily with Ch lord In vulgaris isolMted ;'.n 
autoinhibitor. chlore!lin, which is capable of inhibiting growth»respira­
tion, and photosynthesis of Chlorella. Chlorella vulgar is also has been 
( 
observed to inhibit other algae (Lefevre et al., 1949). Ryther (1954) 
found that inuibitioii of filtering rate by Daphnia is mediated partially 
by substances which diffuse from the ceils of Chlore I j n vu j garis nnd 
accumulate in the water. 
Jorgensen (1956) found that growth of Nitzschia palea was not 
inhibited in filtrates from 4-8 day old Chlorella cultures but was 
inhibited in filtrates from 13-17 day old cultures. In 1964 Scutt, using 
low culture populations (50,000/ml), failed to induce autoinhibition in 
Chlorella vulgaris. He cited a number of other authors who did not 
report autoinhibition when Chlorella vulgaris or Chlorella pyrenoidosn 
strains were used. He concluded that inhibitor production is not a 
general phenomenon with Chlorella and only occurs under certain critical 
conditions. Bainbridge (1953), Rice (1954), Saunders (1957), Fitzgerald 
(1964), and Hutchinson (1967) have reviewed the subject of zooplankton 
and phytoplankton exclusion by inhibitors. 
A hypothesis is proposed here that periodicity in the Ames tertiary 
sewage stabilization pond is related to inhibitory effects of Chlore I La 
on the growth of other algae and some zooplankters, as well as on its 
own growth, induced by the production and accumulation of an inhibitory 
substance or substances, possibly chlorellin. This hypothesis may 
provide a partial explanation for the absence of centric diatoms, the 
c 
reduction in benthic algae, and the periodicity of both zooplankton and 
phytoplankton ir. the pond. 
A significant positive correlation (r=0.53 at 0.05 level) between 
dissolved organic matter (filtered ash-free weight) and Chlorella counts 
"in the pond (Fig. 7), and a nonsig.ni ficant correlation (r=0.25 at 0.05 
level) between station 2 (plant effluent) dissolved orgnnics srid Clilorolla 
ccur.cc ir. rhc por.d lor tuC- f-nCiV'- yeàif difp LiiuLrfcL evidences time such 
a substance may be produced. At certain times when this substnncc or 
substances accumulates in the pond, a critical level may be attained at 
which growth is inhibited. The cells go into physiological dormancy and 
suddenly settle to the bottom or wash into the ditch. Chlorella cells 
collected from the benthos appeared healthy during these periods of low 
algal numbers. No evidence of bacterial, fungal, or viral damage 
(Safferman and Morris, 1967) was apparent. Trickling filter flooding 
and rainfall did not reveal any definite patterns matching the algal 
periodicity. The maximum BOD observed at station 2 was 101.3 mg/litcr, 
below the maximum tolerated by Chlorella (DeNoyelles, 1967). There were 
no significant correlations between station 2 BOD levels and Chlorella 
population for the entire year. In fact, none of the parameters measured 
during this period appeared to affect the population in a consistent 
manner or be limiting. However, it is always possible that some non-
monitored chemical or physical factor could have reduced the algae 
substantially during these periods. 
Presumably dissolved organic production was greatly limited by each 
decrease in the Chlorella population and the existing inhibitory substance 
6 
Figure.;7* Association between dissolved ash-free weight (dissolved 
organic matter) and Chlorella counts in the Ames tertiary 
sewage stabilization^pond 
c 
DISSOLVED ASH-FREE WEIGHT (mg/liVer) 
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or substances were either flushod out of tit" pond, adsorbed in tlie 
sediments, or destroyed by other microorganisms. Tiie resultant reduction 
in a postulated inhibitor would have allowed the zoopiankton population 
to expand and dominate the pond ecosystem for a short time. Disap­
pearance of the zoopiankton could be attributed to life cycle changes, 
lack of oxygen (Table 9), lack of food, prédation, or regrowth ;md 
doiiiinaaco of Chlorel la. 
One could ask why Chlorella populations do not reappear immediately 
after the presumed inhibitors disappear from the pond. This could be due 
to various environmental conditions (physical or chemical), dormancy or 
grazing. Grazing is a possible major factor but Elster (Loedolff, 1965) 
notes that some algae such as Chlorella cannot be digested during the 
first passage through the Daphnia-intestine, but need several passages. 
Due to the difficulty Daphnia has in digesting cellulose and pectin, 
Elster reports that digestion of some algal species begins only after 
their death. He also states that a mass development of cladocera has 
been observed often after a breakdown of an algal bloom and that a 
mixture of the detritus with bacteria may be a better Daphnia food than 
the algae themselves. However, Ryther (1954) found tiiat Daphnia ma^na 
cultured upon actively growing Chlorella vulgaris cells grew rapidly. 
There are diverse opinions on this subject and further work is needed to 
delimit the question. The eventual return of Chlorella to the plankton 
could include the activation of a floatation mechanism, possibly the 
entrapment of oxygen from photosynthesis. 
I 
Table 9. Dissolved oxygen and temperature in the Ames tertiary sewage stabilization pond^ 
Physical & chemical Sampling dates 
factors 9/7 10/3 11/18 12/15 2/24 3/28 4/26 5/29 6/8 6/27 7/B 7/25 8/11 8/30 9/27 
to to to to to to to to to to to to to to to 
9/8 10/6 11/19 12/16 2/25 3/30 4/27 5/30 6/9 6/28 7/') 7/26 8/12 8/31 9/26 
DO in mg/liter 
Maximum 13,1 18.7 0.8 0.0 3.0 28.2 21.5 1.3 13.0 3,1^ 18.2 3.2.6 21 . 5^ 13.2 6,6 
Minimum 1.6 0.0 0.0 0.0 0.8 12.1 10.7 0.4 3.8 0.9 7.3 3.8 1.7 1.0 l.l 
Temperature in °C 
Maximum 25.6 18.9 8.0 7.5 4.3 19.3 12,2 15.4 25.4 24.0 22,6 29.9 35.8 22.9 16.1 
Minimum 19,2 12,4 4.8 5.8 1.8 11.4 7.5 13.6 20.5 20.0 20.6 23.1 21.2 17.1 11.7 
^Results from diurnal sampling 
Zooplankton surge 
czooplankton organisms present 
V) 
Based on .iccounts in the literature, and tlif lacts presented, tli is 
hypothesis provides a plausible explanation for algal periodicity in 
sewage stabilization ponds containing Chlorella. 
During the latter part of the summer, Lemna was observed in a corner 
of the pond and at the ditch effluent. This floating aquatic vascular 
plant is commonly found in enriched waters with a high organic content. 
Elu'lloh (1966) eend'-ictcd laboratory cxpcri-.oats wich ngmiia aad uàpiiù i.i Lu 
clarify sewage stabilization pond effluents. lie found Lemna grew well 
and inhibited plankton growth thus clearing the effluent. However, during 
the period of this study, Lemna did not increase enough to become a 
noteworthy factor in the operation of the pond-ditch complex. 
Productivity 
Wetzel's (1964a) work demonstrated the importance of benthic algae 
to total primary productivity in shallow lakes and ponds. Because the 
amount of available data on the benthic flora in sewage stabilization 
ponds is small, I became interested in studying benthic primary produc­
tivity in the Ames tertiary sewage stabilization pond. However, attempts 
to estimate the benthic contribution to primary productivity within the 
pond met with unsatisfactory results. All plankton plus benthic net 
primary productivity values were less than or equal to plankton net 
primary productivity values, and plankton plus benthic gross primary 
productivity values were greater than plankton gross primary productivity 
values only 757, of the time. These inconsistancies in the plankton plus 
benthic measurements are attributed to various factors including the 
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"immature" state of the pond, low benthic algal populations in proportion 
to the total plankton algae, and technique. 
The plankton data was more amenable to a rafcionai interpretation 
and are utilized in this dissertation. Plankton net primary productivily 
ranged from 0.00 to 4.20 GC/m^/day while gross primary productivity 
ranged from 0.30 to 5.52 gc/m^/day (Table 10). The averajte daily 
•-productivity during this period was 1.74 GC/m^/day and 2.17 CC/mr/dny 
for net primary productivity and gross primary productivity respectively. 
These data are comparable to those from other eutrophic environments 
(Nielsen, 1955; Nygaard, 1955; Rodhe, 1958; Wetzel, 1964a, 1966). 
Net primary productivity and gross primary productivity and total 
phytoplankton appeared to follow a general pattern (Fig. 8). There 
was a slightly significant correlation (r=0.53 at 0.05 level) between 
total plankton algae and net primary productivity, and a slightly nc.i-
significant correlation (r=0.49 at 0.05 level) between gross productivity 
and total plankton algae (Fig. 9). After an inspection of Figure 9 and 
the r values, it is obvious that this data should be interpreted with 
caution. The significant correlation between net primary productivity 
and total plankton algae indicates that autotrophic growth is the 
dominant means of production in the light. Bacteria and zooplankters 
were observed in the plankton samples so one could assume that they may 
slightly reduce net primary productivity results. Large variations in 
productivity rates at approximately equivalent populations occurred 
Table 10. Plankton productivity in the Ames tertiary sewage stabilization pond 
Net Gross Net Cross 
9 ^ 2 3 '4 
Date GC/m /day GC/m /day GC/m /day GC/m-/day 
6/6 0.32 0.34 1.15 1.Z2 
6/20 2.02 7.27 
6/22 0.62 0.91 2.14 3.20 
6/27 0.00 0.30 0.00 1.06 
7/2 0.83 1,07 2.98 3.6)3 
7/7 2.24 2,72 7.99 9.73 
7/12 1.52 1,90 5.46 6.&2 
7/18 1.36 2.00 4.88 7.16 
7/25 3.36 3,68 12.06 13,22 
8/2 4.20 5,52 15.06 19.80 
8/7 0,70 1.58 2.50 5,64 
8/12 2.34 2.72 8.39 9.76 
8/21 2.40 2.70 8.60 9.67 
8/27 3.09 3.65 11.07 13.07 
9/1 1.78 2.15 6.38 7.70 
9/28 1.12 1.27 4.00 4.55 
®Based on a depth of 0.28m 
Figure 8. Relationship of total plankton algae (upper left), primary 
productivity, and solar radiation (lower right) 
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Figure 9. Association between net primary productivity and total plankton algae counts (left) and 
gross primary productivity and total plankton algae counts (right) 
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frequently, and caution should be used in relating standing crop to 
rates of production. 
Productivity estimates plus other supplemental data are useful for 
discerning energy relationships within an ecosystem, and for comparisons 
among different ecosystems. Due to the food shortage througliouL tlic 
world, productivity data can be important to the applied ecologist who 
is interested in comparing harvests to potential production within a 
system. 
It is generally agreed that algae, especially Chlorella, are high 
in protein value, and are a potential food source for man and other 
animals (Combs, 1952; Schieler e^ £l., 1953; Cook, 1962; Hintz et al., 
1966). Recently interest has been focused on improved waste reclamation 
via high algal production and removal (Oswald ££ al^.» 1963; Colueke and 
Oswald, 1965). Colueke and Oswald (1965) found that technical and 
economical problems in the removal process were a major obstacle to large-
scale production of planktonic algae as a food stuff. The difficulties 
lie largely in the nature of the product, namely, the size, specific 
gravity, morphology of the algal cells, relatively low algal concentration 
compared to water volume, and relatively low market value of the product. 
Because of the probable low market value of algae, only a 1imitod amount 
of money can be spent on harvest if the overall process is to be 
economically feasible. Of the variety of methods suitable for the removal 
of algae in relatively low concentrations from a large volume of water, 
only two met the criteria of low cost and reliability. These were 
centrifugation and chemical precipitation, with centrifugation being the 
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more desirable of the two due to the lack of chemical contamination 
in the final product. They did assert that the cost of extracting the 
algal product with centrifuges in relation co resulting Income from 
the product was not economically feasible at the time, or at least 
would be a borderline operation because of power requirements and costs. 
In -.any communities Lhe size of Ames and larger, sewage is treated 
by convonrional primary and secondary trcacmonc with ponds |)i'i)viding 
tertiary treatment. Although Golueke and Oswald (1965) were somewhat 
pessimistic concerning the use of centrifuges for initial algal removal, 
I would like to present some figures and information that are possibly 
more optimistic and, hopefully, will lead to further research on this 
subject. 
At the present Ames population level (38»000) the Water Pollution 
Control Plant's sludge digestion tanks do not produce enough methane 
gas to operate the plant and some gas has to be purchased. It is 
estimated, however, that with a population of 55,000 the sludge 
digestion tanks would produce gas with an energy equivalent of approxi­
mately 341.00 million kcal/day^24) enough to maintain normal plant 
operation. Some of this gas is used to operate the generators and 
they would produce approximately 2500 kwh/day^24) and the plant would 
only utilize 2,333 kwh/day^24)- The excess, approximately 167 kwh/day^24) 
or 0,14 million kcal/day(24) could be used to reduce the cost of 
extraction from the pond by electrical means such as a centrifuge. 
64 
With a population of 55,000, the effluent flow would increase to 
approximately 17,980 (6-75 zillion gallons per day). To 
detain this much effluent in ponds for four days, 25.7 hectares (63.5 
acres) at a depth of 0.28m or volume of 71,975it-^ would be needed. 
Although the above figures are only approximations and it is 
realized that a number of other important factors such as dehydrating 
and drying the algae» initial costs, raarketabilitv of the product etc. 
have to be considered, I think it is important to emphas Lzt* the potential 
in the conversion of sewage gas to electrical energy which is used to 
remove the algae thus reducing costs. This is especially important in 
larger cities where excess gas is burned as a waste. As Golueke and 
Oswald (1965) point out, it may not be economically feasible for small 
communities to process an algal product. However, if small communities 
should merge their treated sewage and divert flows to inexpensive land 
areas, a larger plant might convert their gas to electrical energy rather 
than burn it off. Prudent management of these systems could convert 
wastes to an algal food stuff at lower costs. Although further 
studies are needed to determine means of maintaining high productivity 
and stable floras, optimum detention times, energy and cost efficiencies, 
and economics, it is evident that larger sewage treatment plants could 
become self sustaining systems, which would operate on a profit basis. 
Wast&~)Reclamation 
Biochemical oxygen demand 
Biochemical oxygen demand and filtered BOD were lowest in tlie 
warmer months and considerably higher in the colder months at stations 2 
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and 4 (Fig. 10). Increases in the latter part of September and early 
October are attributed to an intentional bypassing of the trickling 
filters (Shcba, 1967). Higher BOD's in the winter are attributed to a 
reduced temperature (Fig. 10) (Suwannakarn and Cloyna, 1963) and a 
decrease in algal populations (Fig. 10) although alteration of plant 
operations in the fall probably had long-term effects. From June throuj;h 
September BOD was below the maximum pormissable BOD (20 mg/litcr) I or "good 
water quality" (Holier e^ al_., 1955). Usually during Lhc warmer months 
station 4 BOD was lower than station 2; however, for the entire year thore 
were no significant differences (0.05 level) between stations 2 and 4. 
Maximum percent BOD removal at any one time from stations 2 to 4 was 787., 
and 757, for filtered BOD (Table 11). Maximum percent BOD removal from 
stations 2 to 5 was 87%, and 88% for filtered BOD. 
Some investigators (Caldwell, 1946; Fitzgerald and Rohlich, 1958; 
Loehr and Stephenson, 1965; Meron et al., 1965) believe BOD's increase 
with an increase in algal population, and that better BOD removals are 
found in the winter via sedimentation. This generalization did not 
always apply in the Ames tertiary sewage stabilization pond. In Figure 10 
it is obvious that lower BOD's occurred in the warmer months wiu-n the 
algae were at their peak. It is interesting to note that station 4 
BOD's were highest during February and March when green flngell.ntes were 
dominant (Table 1) and lowest in the summer when ChlorelIn and 
Ankistrodesmus dominated. This disparity could be due to inhibitors. 
The BOD samples were frozen and it is possible that n number of cells 
were lysed, and organic substances (inhibitors) were released into the 
sample. The organics released from the coccoid green algae could have 
Figure 10. Interrelationships of various analyses at the pond influent 
( ) and pond effluent ( ) 
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Table 11. Ames tertiary sewage stabilization pond: percent removal 
Total 
• dis­ Total 
Total solved dis­
ToLal dls- vola­ Total solved Ortho-
Filtered Total volatlle solved tile phos­ phos­ phos­
Date BOD BOD COD solids solids solids solids phate phate phate 
4* 5^ 4 5 4 5 4 5 4 5 4 5 k 5 4 5 4 5 4 5 
9/1 & 9/2 74 84 24 19 22 30 25 21 44 40 
9/22 & 9/23 -11 -33 -33 -74 -15. -18 -27 -34 -01 -03 06 07 -11 14 49 54 49 62 
10/8 -14 67 -43 -381 -31 03 26 07 
10/19 & 10/20 25 29 
-11 -15 -04 -09 -06 -07 -04 -04 15 14 14 12 13 09 08 08 
11/21 & 11/22 06 11 -08 08 00 -02 -04 -09 14 22 -07 -09 23 18 -11 -30 -41 -69 -36 -44 
12/20 & 12/21 33 51 40 47 30 44 05 10 32 37 03 -01 06 12 -10 -37 -14 -08 -07 -14 
1/27 & 1/28 15 27 03 01 27 18 05 00 33 15 -28 -19 -33 -23 
-14 -25 
2/10 & 2/12 54 42 24 60 49 44 24 04 37 28 17 -06 18 -01 16 ;>8 23 11 00 -16 
2/26 & 2/27 -40 -12 -26 -13 -30 -04 -04 13 13 14 -04 04 08 07 -24 -02 -30 20 
-17 06 
3/10 & 3/11 -32 04 03 12 29 10 02 14 -01 15 00 42 07 24 -29 00 -42 -26 -62 -52 
3/22 & 3/23 13 -24 -15 27 -16 28 -07 00 09 26 -10 21 12 29 -10 06 -06 56 00 50 
4/15 53 44 39 30 39 26 27 09 46 37 
4/28 & 4/29 68 76 18 53 05 08 -01 17 11 12 09 12 -12 -26 04 00 36 34 
5/30 & 6/1 78 85 63 60 16 10 26 22 15 13 26 18 37 ',5 44 42 28 33 
6/1.0 
-77 -86 -05 19 30 25 36 01 09 21 
6/29 & 6/30 33 20 -20 33 -90 03 
-15 22 -07 07 -01 27 16 -41 -34 -26 -18 -10 ••04 
7/11 & 7/12 30 15 29 44 -08 -07 -12 -05 02 -01 02 -02 16 08 12 -13 50 14 
7/25 6c 7/26 23 62 43 71 -25 25 -09 04 -16 09 02 06 -06 03 25 111 72 88 
8/12 & 8/13 -29 00 44 55 -04 -13 -03 04 -05 -08 08 08 09 ][0 15 17 11 00 
8/31 & 9/1 67 67 37 32 00 -04 22 16 01 00 29 22 -21 -38 -19 -46 12 •06 
9/16 & 9/17 73 87 88 57 57 18 11 31 30 15 12 20 18 -16 -40 -60 -19 "30 
9/28 & 9/29 40 80 75 75 25 41 01 00 06 05 02 03 06 11 21 14 10 08 -03 -01 
^Percent removal from station 2 to 4 
^Percent removal from station 2 to 5 
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inhibited the "seed" bacteria usee for the BOD test, whereas the 
fl.igellatcs released no Inhibitors cand higher ROD's rpsulrcd. Tt is 
apparent Eh,it: ROD measurements made with algnl colls present mrc 
controversial and have to be interpreted with^nution. 
Filtered BOD's at station 4 were lower than unfiltered BOD's, 
Stouse (1964) believes filtered BOD determinatiot\s permit a beccer 
j'jd^^cmcr.t or ctrluGnC C|UaLLty uccauac the oxygen demand or rho n 1 jyio 
is not present. However, Neel et. fl.' (1961) state that while filtering 
will remove algae, it also takes out particulate, nonliving organic 
matter whose oxygen demand is a valid part of BOD. 
The Indian Creek Sewage Treatment Plant, Johnson County, Kansas, 
is the only tertiary sewage stabilization pond in the Plains states 
for which data are available (Loehr and Stephenson, 1965). BOD 
removal in the Ames pond was much lower than in the Kansas pond. This 
may be due to a major procedural difference. Loehr and Stephenson 
incubated live algae in the dark and assumed a measurement of maximum 
oxygen demand was obtained. This is a practical and valid assumption 
in that algae are known to deplete oxygen at night and affect the biota 
detrimentally. However, my summer diurnal oxygen data (Table 9) 
indicates that oxygen is not completely depleted at night wlicn hi^h 
algal populations are present. My samples were frozen and presumably BOD 
results should indicate the potential oxygen demand if the algae suddenly 
died in the receiving stream. My data are better than expected and could 
be attributed to inhibitors or the difficult digestibility of the algae. 
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Although BOD measurements are still a standard criteria for 
judging effluent quality, I believe their importance should be minimized 
in sewage stabilization pond studies because of variable algal floras and 
different techniques. Until a meaningful and standard technique is worked 
out which eliminates the positive or negative algal contribution to BOD, 
other criteria should be used. 
Chemical oxygen demand 
Chemical oxygen demand appeared to be influenced by the algal 
populations at station 4 and in most cases it was lower st station 4 
thaiL-station 2 (Fig. 10). However, there were no significant differences 
(0.05 level) between the stations for the year. Maximum COD removal from 
station 2 to 4 was 63%, and 60% from station 2 to 5 on the same date 
(Table 11). Loehr and Stephenson's COD's were much higher than those 
recorded in the Ames pond. They found essentially no COD removal during 
the summer months, where I found COD reductions as high as 63% in the 
warmer months. Higher COD reductions occurred when phytoplankton 
populations were low; however, there were reductions in COD throughout the 
summer. According to Sawyer (1960), COD data can often be interpreted in 
terms of BOD values after sufficient experience has been accumulated to 
establish reliable correlation factors. A nonsignificant correlation 
(r-0.49 at 0.05 level) between COD and BOD in the pond indicates that 
neither one could be used to interpret the other. 
The COD test is helpful in indicating toxic conditions (Sawyer, 
1960); therefore, the high COD's on May 26 at station 2 could be a 
partial explanation for the low algal population on this date. 
7'j 
Sol ids 
The data on solids suggest their measurement may be influenced 
by the presence of algae. There were no significant differences 
(0.05 level) between station 2 and 4 for the year. Maximum percent 
reductions for total solids, total volatile solids, dissolved solids, 
and dissolved volatile solids %sre 30, 39, 26, and 44°;, respectively 
frcrr. ^taticr. 2 Co 4 ar.d 19, 37, 42, arid 40% respectively from scarion 2 
to 5 (Table 11). 
In general, waters with a total solids content of less tlian 500 
mg/liter are most desirable for domestic use and tlie U.S. Public Health 
Service Standards recommends such a limit whenever possible. Waters 
with higher solids content often have a laxative and sometimes the reverse 
effect upon people whose bodies are not adjusted to them. However, 
residents who regularly use such waters appear to suffer no ill effects 
so the U.S. Public Health Service Standards recommend a limit of 1000 
mg/liter on potable waters (Sawyer, 1960). Total solids at station 4 
ranged from 458 to 687 mg/liter (Appendix A, Table 12) which is less than 
the limit of 1000 mg/liter set by the U.S. Public Health Service, and 
near the more desirable level of 500 mg/liter. 
Phosphates 
Generally phosphates followed a seasonal pattern being the highest 
in the colder months and lowest ifi the warmer months when tlio algae were 
at their peak (Fig. 10). A slightly significant negative correlation 
(r=-0.44 at 0.05 level) (Fig. 11) for the year between toLal algae counts 
Figure 11. Association between orthophosphate and total plankton counts 
in the Ames tertiary sewage stabilization pond 
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and orthophosphate indicates that algae are playing an important role 
directly or indirectly in the reduction of orthophosphate concentration 
(Bogan £t £l., 1960; Fitzgerald and Rohlich, 1964; Gates and Borc»ardt, 
1964). Maximum percent reductions for total phosphate, total dissolved 
phosphate, and orthophosphate were 37, 72, and 887. respectively from 
station 2 to 4 (Table 11). The small reduction in total pb.ospb.atc is 
attributed to the transformation of onr- form [.ite -ncchcr. MaxiiViutu 
pcrcent reductions from station 2 to 5 for total pliosphate, tclnl dis­
solved phosphate, and orthophosphate were 45, 56, and 62% respectively. 
For the entire year there were no significant differences (0,05 level) 
between station 2 and 4 for the phosphates. My results for total 
phosphate and total dissolved phosphates are less than Loehr and 
Stephenson's (1965) and my phosphate maximum reductions were greater 
than theirs. The lowest orthophosphate value obtained was 3.2 mg/liter 
(1.1 mg/liter phosphorus) (Appendix A, Table 12). Benoit (Fitzgerald 
and Rohlich, 1964) has suggested that nuisance blooms will not occur 
in water when the phosphate content can be kept below 20 ppb as phos- ' 
phorus, and McKee and Wolf (1963) suggest a concentration of 0.01 
mg/liter of inorganic phosphorus as a maximum value. Tf tliis is the 
case, a further reduction in phosphates is needed in this pond before 
the effluent is released. 
pH and temperature 
In general, higher pll values were observed at station 4 tlian ar 
station 2 except in the winter (Fig. 10) thus reflecting algal activity 
in the pond. At station 4 the pll ranged from 7.35 to 9.09 (Appendix A, 
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Table 12). Temperature in general was probably tlio main controlling 
factor for "good" pond operation. Lowef temperatures (Fig. 10) during 
the winter probably were the main cause for algal population reductions 
and lower bacterial metabolism which subsequently resulted in higher 
chemical concentrations. Temperature ranged from 0.8 to 29.9°C during 
the year at station 4 (Appendix A, Table 12). 
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GENERAL DISCUSSION 
Maximum limits for BOD, COD, solids or phosphates entering Iowa 
streams via sewage plant effluents have not been established as yet 
by the Iowa Water Pollucion Control Commission. Recommendations art* 
usually based on upstream data, flow rates, and the particular situation." 
Hovcvor, specific rules have been established Tor color, pH, temperature, 
and DO. Fond effluent color may bo in violation of rule L.2(2)o whie!\ 
state? that all surface waters at all places and times are to be free 
from materials attributable to municipal, industrial or other discharges 
producing color, odor, or other conditions in such degree as to be 
detrimental to legitimate uses of water. Temperature and pH met 
Commission standards except once when the pH was higher than the 
maximum of 9.0 (Appendix A, Table 12). At times and especially at niglit, 
dissolved oxygen fell below the minimum of 4.0 mg/liter allowed during any 
24-hour period (Table 9). Due to low DO*s during the night and in the 
winter, pond effluent should be impounded at night or aerated before it 
enters the stream. 
Pond effluent LÎOD's in the summer compare favorably with available 
data above the plant outfall (Shobe, 1967), whereas phosphate and COD 
results were higher. Although BOD'S from the pond effluent indicate 
improvement in plant effluent, especially during the summer, and compare 
favorably with Skunk River BOD's above the outfall, it is my opinion 
that BOD, COD, and solids data should be interpreted with caution when 
*Kreamer, F. W. Iowa State Department of Health, Des Moines, Iowa. 
Iowa water pollution control rules. Private Communication. 1968. 
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one is trying to evaluate quality of pond effluent water that has high 
concentrations of algae. Inorganic substances such as phosphaces and 
nitrates should be more reliable criteria. Based on the high concen­
trations of phosphates in the pond effluent and above minimal concentrations 
entering the Skunk River, it is apparent that studies with longer 
detention cimes are needed before a final judgement can In- made on trlie 
•ippi 1 cab! 11 ty of tertiary .sewage .stahilizaciou poiuls in Iowa wncor 
pollution control. I recommend thai a series of experimental ponds be 
built with an overall maximum detention time of approximately 22.6 days 
and at a depth of one meter. If this detention time significantly improves 
effluent quality, ponds at the present flow rate of 12,529 m/Vday^g^^ 
(3.31 million gallons/day), would require 28.34 hectares ( 70 acres). 
New ponds should be lined with an impervious material to prevent 
muskr.it burrowing and leakage. Occasionally during the winter the pond 
influent hose was above the water level, and short circuiting could 
have taken place thus reducing the detention time and subsequent chemical 
reductions. I would suggest that the influent inlet bo placed on the 
bottom of the pond to allow better mixing and prevent short cjreiiitiny. 
In the state of Iowa, temperature is probably a major limiting 
factor for good yearly pond performance. To improve pond performance 
throughout Lhe year, 1 suggest that heating elements lie placed in the 
experimental ponds and temperatures be maintained between 20-J0°C. 
Excess energy produced in the plant could bo utilized in such an experiment. 
Although productivity was emphasized in this study, I believe it is 
important to realixe that^owa is already considered a highly productive 
ho 
agricultural state, and there is a greater need for recreational 
facilities. If sewage stabilization ponds are accepted as a legitimate 
means of treatment in Ames, I hope that consideration will be given to 
the recreational potential of such ponds as has been done in Cnlifornia 
(Askew £t aj^., 1965; Merrill and Katko, 1966). 
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SUMMARY 
1. Throughout the year coccoid green algae and green flagellates 
dominated the plankton while pennate diatoms and filamentous blue-
green algae dominated the benthic flora in the pond-ditch complex. 
2. Eighteen genera and twenty-nine species of algae were identi­
fied in the pond and ditch influent with the pennate diatoms representing: 
the greatest number of species. 
3. Navicula accomoda, Nitzschia thermalis, Oscillatoria okeni, 
and Oscillatoria tenuis var. natans were persistent and usually dominant 
or codominant in the ditch benthos while Nitzschia palea and Oscillatoria 
tenuis var. natans were persistent and dominant or codominant in the 
pond benthos. 
4. The most persistent and dominant or codominant plankton species 
in the pond and ditch were Chlorclla ellipsoidea, Chlorclla vulgaris, 
and Ankistrodesmus convolutus. 
5. A hypothesis based on Hardy's exclusion theory is proposed 
as a partial explanation for the absence of centric diatoms, reduction 
in benthic algae, and the periodicity of both zooplankton and phyto-
plankton in the pond. 
6. Plankton net primary productivity ranged from 0.00 to 4.20 
2 
GC/m /day while gross primary productivity ranged from 0.30 to 5.52 
» 
2 
GC/m /day. These values are comparable to those from other eiitrophic 
environments. 
7. A significant positive correlation between net primary produc­
tivity and total plankton algae counts indicated that autotrophic growth 
H 2  
7. A significant positive correlation between net primary 
productivity and total planktoa algae counts indicated that autotrophic 
growth is the dominant means of production. 
8. Figures projected into the future indicate the potential role 
of sewage plants or sewage districts in the conversion and use of energy 
from waste materials. 
9. From June through September BOD of Llic effluent uns roducoH 
below th(! maximum rccommendcd BOD (20 mg/liLer) for %ood water qu.iJity. 
10. Maximum percent BOD removal and filtered IJOD removal during 
the year was 8 7 and 88% respectively from station 2 to 5. 
11. Maximum percent COD removal was 63% from station 2 to 5. 
12. Maximum percent reductions for total solids, total volatile 
solids, dissolved solids, and dissolved volatile solids were 30, 39, 26, 
and 46% respectively from station 2 to 4 and 19, 37, 42, and 40% 
respectively from station 2 to 5. 
13. Maximum percent removals for total phosphate, total dissolved 
phosphate, and orthophosphate were 37, 72, and 88% respectively from 
station 2 to 4 and 45, 56, and 62% respectively from station 2 to 5. 
14. The lowest orthophosphate value obtained at tlie pond effluent 
was 3.2 mg/Liter (1.1 mg/liter phosphorus), much higher than the 
recommended maximum value of 0.01 mg/liter. 
15. Temperature ranged from 0.8 to 29.9°C and pH ranged from 7.33 to 
9.09 during the year at the pond effluent. 
16. At specific times during the year there were differences between 
treatment plant effluent and pond effluent for chr chemical parameters 
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measured; however, no significant differences were found when data were 
examined for the entire year. 
17. Recommendations for improved pond construction, improved pond 
performance, and potential future studies are made by the author. 
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APPENDIX A 
Table 12. Cheniical'and physical data from the Ame 
stabilization pond and oxidation ditch 
Total 
dis­
Total solved Ortho- Fil-
phos­ phos­ phos- Cerei 
Date Station phate phate phate BOD BOD 
8-29-66 1 323 
8-29-66 2 19 
8-30-66 3 14 <1 
9- 1-66 4 5 3 
9- 2-66 5 3 4 
9-18-66 1 23 ; 9 20.8 14.7 55 
9-18-66 2 30.8 29.2 24.0 9 3 
9-20-66 3 29.6 20.2 13.0 13 6 
9-22-66 4 34.1 15.0 12.2 18 4 
9-23-66 5 26.6 13.4 9.2 10 4 
10- 4-66 1 25.2 25.3 17.0 74 
10- 4-66 2 30.0 30.3 22.4 44 18 
10- 6-66 3 28.2 37 
10- 8-66 4 29.0 22.3 20.8 50 6 
10-15-66 1 45.8 40.7 25.1 94 
10-15-66 2 61.9 53. 1 41.4 93 62 
10-17-66 3 52.6 42.1 33.0 44 
10-19-66 4 53.2 46.2 38.2 70 
10"20-66 5 54.3 48.2 38.2 66 
®In mg/liter 
water pollution control plant, tertiary sewa>\i' 
Dis-
Total Dis- solved 
vola­ so Ivad vola-
Total tile total ti le 
COD solids solids solids solids PH Temp 
1212 722 7.65 23.0 
720 189 352 111 7.50 
594 192 277 97 9.04 29.0 
545 147 263 62 8.02 24.5 
584 133 279 66 8.55 28.0 
190 642 229 516 140 7.55 20.5 
53 522 142 513 140 7.51 21.8 
100 600 172 532 138 8.77 24.0 
115 601 180 516 130 8.65 21.0 
92 615 190 528 128 . 8.61 17.0 
224 650 242 7.56 20.0 
117 499 169 7.70 17.0 
152 610 204 8.02 17.0 
167 687 222 8.20 22.5 
204 594 236 532 188 7.55 20.8 
166 602 219 554 209 7.40 17.5 
161 622 216 550 166 ^ 8.09 10.1 
184 629 231 575 178 7.76 1.3.5 
191 658 235 574 180 7.96 14.5 
Table 12. (Continued) 
Total Dis-
dis­ Total Dis - Holved 
Total solved Ortho- Fil­ vola­ solved vo la-
phos- phos­ phos­ tered Total tile total tile 
Date Station pha te phate phate BOD BOD COD solids oolids solids Holids PH Temp 
11-17-66 1 41.4 32.2 25.6 235 605 877 440 521. 156 7.46 18.7 
11-17-66 2 37.2 28.6 25.6 35 12 95 548 170 524 142 7.63 18.1 
11-19-66 3 47.7 33.4 37.2 35 15 98 580 170 557 145 8.09 «.0 
11-21-66 4 41.2 40.4 34.7 33 13 95 568 146 562 109 8.01 9.1 
11-22-66 5 48.5 48,4 37.0 31 11 97 598 132 570 116 7.51 14.8 
12-16-66 1 33.2 30.4 24.4 94 203 618 229 484 134 7.62 9.8 
12-16-66 2 46.2 41.0 31.4 57 30 161 . 594 166 526 100 7.59 a?.. 0 
12-18-66 3 49.0 43.7 35.4 38 20 Ill 572 131 524 108 7.38 ,8.2 
12-20-66 4 50.7 46.7 33.7 38 18 113 564 113 510' 94 7.40 7.2 
12-21-66 5 63.3 44.2 35.7 28 16 90 535 . 104 530 88 7.35 • ?.2. 
1-23-67 1 38.2 29.7 17.6 213 629 190 502 / " .93 7.68 15.1 
1-23-67 2 43.5 40.0 28.3 123 556 136 520. 108 7.66 10.5 . 
1-27-67 4 55.5 53.3 32.3 104 541 99 '495 72 7.35 ' 3.5/ 
1-28-67 5 51.9 49.2 35.4 
• 
90 551 111 . 522 92. 7.38 • 0.9 
2- 6-67 1 125.3 80.9 35.0 287 634 1053 418 750 175 7.92 14.5 
2- 6-67 2 106.8 83.9 38.2 132 92 196' . 708 „ ' • 180 619 110 8.10 10.7 
2-10-67 4 90.1 64.6 38.2 61 70 i'oo •536 . 113 512 90 8.20 0.8 
2-12-67 5 76.5 74.6 44.2 77 37 . 109 . 676 130 .653 11,1 8.10 0.5 
2-22-67 1 91. 1 54.5 28.6 128 424 758 337 484 127 7.41 13.2 
2-22-67 2 61.6 58.0 35.0 48 39 85 541 159 503 132 . 7.79 5.1 
2-24-67 3 75.9 75.0 37.9 65 45 103 583 153 568 129 7.49 1.0 
2-26-67 4 76.7 75.2 41.0 67 49 111 561 138 524 122 7.48 1.0 
2-27-67 5 62.6 46.6 32.9 54 44 88 473 136 485 123 7.50 1.2 
Table 12. (Continued) 
Total 
dis­
Total solved Ortho- Fil­
phos- phos­ phos­ tered 
Date Station phate phate phate BOD BOD COD 
3- 6-67 1 70.0 61.3 39.9 95 180 
3- 6-67 2 68.3 50.8 33.0 72 64 114 
3-10-67 4 88.1 72.1 53.6 99 62 81 
3-11-67 5 68.3 63.8 50.1 69 56 102 
3-18-67 1 75.6 57.6 42.0 158 378 
3-18-67 2 72.7 66.5 49.4 68 60 102 
3-20-67 3 92.5 83.6 59.6 76 71 120 
3-22-67 4 80.2 70.5 49.4 59 69 118 
3-23-67 5 68.0 29.0 24.5 84 44 73 
4-10-67 1 96.6 91.5 55.5 163 463 
4-10-67 2 70.9 68.2 60.3 32 16 114 
4-12-67 3 63.3 54.6 38.5 15 10 83 
4-15-67 4 64.2 37.0 37.8 15 9 70 
4-24-67 1 59.3 56.3 41.2 263 455 
4-24-67 2 59.0 49.2 33.2 25 119 
4-26-67 3 57.5 38.4 15.4 47 24 140 
4-28-67 4 66.3 47.2 21.3 28 8 98 
4-29-67 5 74.4 49.6 21.8 12 6 56 
5-26-67 1 89. 1 70.0 40.7 173 424 
5-26-67 2 75.1 67.5 48.2 101 185 
5-28-67 3 33.4 29.8 29.0 37 16 90 
5-30-67 4 47.2 37.5 34.5 22 14 69 
6- 1-67 5 41.2 39.5 32.2 15 9 73 
Dis-
Total Dis- solved 
vola- solve: d vola-
Total tlle total. Izile 
solido solids solids solids pH Temp 
657 214 542 130 7.80 10.1 
597 155 559 136 7.40 1.0.1 
587 156 559 127 7.45 12.3 
514 132 323 103 7.41 6.7 
733 333 534 138 7.52 13.4 
582 172 519 125 7.61 11.6 
590 159 539 119 8.05 5.8 
625 156 569 110 8.51 1.1.9 
583 128 409 89 8.82 9,9 
863 335 569 139 8.19 17.4 
655 181 591 136 7.46" 1.4.9 
498 122 497 104 8.40 9.6 
458 111 435 99 8.40 12.3 
778 350 509 128 8.12 1.5.9 
598 151 552 118 7.43 1.5.8 
578 168 494 106 8.80 12.6 
570 153 489 107 8.60 1.6.7 
549 125 487 104 8.46 1.4.8 
818 307 627 147 7.52 21.3 
673 170 638' 148 7.29 22.8 
570 130 439 95 7.55 17.7 
563 125 541 109 7.58 12.5 
608 132 553 121 7.70 11.8 
Table 12. (Continued) 
Date 
Total 
dis-
Total solved 
phos- phos-
Station phate phate 
Ortho- Fil-
phos- tared 
phate BOD BOD COD 
6- 6-67 1 
6- 6-67 2 
6- 8-67 3 
6-10-67 4 
6-25-67 1 
6-25-67 2 
6-27-67 3 
6-29-67 4 
6-30-67 5 
7- 7-67 1 
7- 7-67 2 
7- 9-67 3 
7-11-67 4 
7-12-67 5 
7-21-67 1 
7-21-67 2 
7-23-67 3 
7-25-67 4 
7-26-67 5 
47.7 36.5 
43.4 40.5 
45.7 44.4 
39.0 36.9 
41.2 35.9 
35.7 38.0 
42.4 40.2 
50.4 47.7 
47.7 44.9 
34.2 25.4 
33.4 26.1 
27.8 26.1 
27.9 23.1 
30.6 29.5 
48.2 31.5 
30.9 29.6 
21.8 8.5 
23.1 8.2 
27.4 
30.9 135 
36.0 13 
34.4 9 
28.3 23 
30.9 66 
35.5 21 
38.7 12 
39.0 14 
36.9 
17.9 142 
21.8 27 
13.1 30 
10.9 19 
18.8 23 
20.6 108 
25.6 13 
5.7 17 
3.2 10 
5 
310 
7 62 
10 40 
13 65 
160 
15 42 
15 26 
.12 28 
18 80 
400 
124 
13 184 
9 88 
13 70 
446 
7 122 
3 157 
4 153 
2 92 
t 
Dis-
Total Dis- solved 
vola- solved vola-
Total tile total tile 
solids solids solids solids pH Temp 
727 277 629 217 7.39 18.0 
568 168 558 151 7.32 21.4 
461 126 447 120 7.59 20.5 
460 118 419 96 8.55 26.3 
665 225 563 151 7.50 19.4 
565 162 558 154 7.18 18,8 
549 . 143 542 142 7.71 21.5 
546 127 521 112 7.72 22.4 
651 174 561 130 7.79 21.6 
664 252 534 136 7.49 18.8 
541 134 553 130 7.71 19.8 
650 161 544 145 8.21 21.3 
586 150 542 128 8.49 25.4 
579 141 557 133 7.99 20.5 
907 380 543 136 7.33 23.5 
552 148 545 138 7.51 23.2 
597 171 539 137 8.92 31.4 
601 172 532 147 9.09 29.9 
529 134 510 134 7.91 25.2 
Table 12. (Continued) 
Date 
Total 
dis-
Total solved 
phos- phos-
Station phate phate 
Ortho- Fil-
phos- tered 
phate BOD BOD COD 
'Total Diii-
vola- solved 
Total tile total 
solids solids solids 
Dis­
solved 
vola­
tile 
solids PH Temp 
8- 8-67 1 41.2 
8- 8-67 2 60.6 
8-10-67 3 56.0 
8-12-6.7 4 55.0 
8-13-67 5 54.6 
8-27-67 1 48.9 
8-27-67 2 45.7 
8-29-67 3 51.6 
8-31-67 4 55.3 
9- 1-67 5 63.3 
9-12-67 1 61.6 
9-12-67 2 51.2 
9-14-67 3 59.5 
9-16-67 4 59.3 
9-17-67 5 106.0 
9-24-67 1 58.5 
9-24-67 2 63.6 
9-26-67 3 47.9 
9-28-67 4 50.1 
9-29-67 5 55.0 
33.5 
57.1 
46.5 
48.5 
47.2 
43.0 
42.2 
49.2 
50.2 
6 1 . 6  
35.5 
38.5 
50.6 
54.0 
6 1 . 6  
51.2 
51.4 
45.0 
46.0 
47.4 
14.3 52 424 759 264 584 135 7.53 21.1 
32.5 7 1 94 551 144 530 134 7.60 21.9 
28.8 7 3 47 585 136 562 124 7.65 20.4 
28.9 9 4 53 575 148 557 124 7.69 19.5 
32.5 1 42 624 138 574 124 7.65 17.8 
32.9 129 350 741 299 560 145 7.61 211.4 
38.5 6 76 587 163 571. 158 7.63 21.. 6 
33.9 12 3 78 584 165 7.71 21.1 
34.0 14 2 48 586 128 563) 112 7.64 17.4 
40.9 7 2 52 609 137 571 123 7.66 16.2 
24.9 171 542 1278 431 1038 232 7.59 21.9 
38.5 30 8 111 651 166 620 137 7.69 22.0 
43.0 5 2 46 540 116 535 117 7.59 20.9 
45.7 8 48 536 115 528 110 7.59 20.2 
50.1 4 1 48 580 116 546 113 7.59 1&.9 
41.5 72 404 729 312 545 161 7.61 21.5 
41.2 15 4 76 582 140 561 128 7.64 20.7 
42.7 3 1 48 582 123 7.69 17.4 
42.5 9 1 57 574 131 548 120 7.62 14.3 
41.5 3 1 45 580 133 543 114 7.80 11.1 
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Table 13. Chemical data from the Ames water pollution control plant, tertiary sewage stabilization 
pond and oxidation ditch 
Date Station 
Ammonia 
nitrogen 
Nitrate 
nitrogen 
Nitrite 
nitrogen Sulfate 
Pheno-
thalein 
alka­
linity 
Total 
alka­
linity 
Calcium 
hardness 
Total 
hardness Iron 
1-23-67 1 21 .2 3.7 0.1 245 0 243 188 251 0.1 
1-23-67 2 29 .1 4.2 0.2 190 0 242 142 218 0.1 
1-27-67 4 25 .8 8.5 0.1 120 0 245 163 215 0. 1 
1-28-67 5 28 .8 6.3 0.1 122 0 240 153 212 0.1 
2- 6-67 1 38 .3 9.8 0.2 187 0 275 156 238 0.3 
2- 6-67 2 15 .9 8.1 0.1 162 0 251 154 221 0.2 
2-10-67 4 26 .7 8:8 0.3 149 0 250 180 216 0 2 
2-12-67 5 30 . 1 10.2 0.2 " 240 0 277 18 L 240 0.2 
3- 6-67 1 18 .8 8.1 0.2 121 0 219 !169 240 0. I 
3- 6-67 2 21 . 1 8.6 0.4 122 0 206 !162 230 0. 1 
3-10-67 4 23.4 7.5 0.3 126 0 227 !170 218 0. 1 
3-11-67 5 20 .0 9.7 0.3 126 0 220 170 216 0.2 
4-10-67 1 26 .6 6.9 0.8 150 0 289 206 214 0. 2 
4-10-67 2 21 .2 4.8 0.6 130 0 217 205 208 0.2 
4-12-67 3 16 .4 14.6 0.4 108 0 190 :îoi 210 0. 1 
4-15-67 4 15 .9 12.2 0.3 110 0 197 1181 205 0. 1 
6-26-6 7 2 9. 1 3.2 
4 6. 9 0.0 
6-27-67 2 13. 9 4.4 
4 8. 8 0.0 
^In mg/liter 
Table 13. (Continued) 
Pheno-
thalein Total 
Ammonia Nitrate Nitrite alka­ alka­ Ca Iciurn Total 
Date Station nitrogen nitrogen nitrogen Sulfate linity linity hardness hardness Iron 
6-28-67 2 11.1 4.0 
4 10.2 1.4 
6-29-67 2 14.0 4.3 
4 8.2 1.6 
7-11-67 2 11.0 5.5 
4 4.9 1.0 
7-17-67 2 13.1 5.5 
4 0.0 1.7 
7-18-67 2 9.4 4.7 
4 0.9 1.0 
7-19-67 2 9.7 5.2 
4 3.0 1.5 
7-20-67 2 15.8 5.8 
4 2.0 1.8 
7-21-67 2 16.4 2.8 
4 0.0 1.1 
7-24-67 2 21.0 2.8 
4 1.5 0.8 
/ 
Table 13. (Continued) 
Pheno-
thalein Total 
Ammonia Nitrate Nitrite alka- alka­ CaIcium Total 
Date Station nitrogen nitrogen nitrogen Sulfate linity linity hat dneas hardness Iron 
7-25-67 2 4.3 3.0 
4 2.8 1.7 
7-26-67 2 4.4 2.8 
4 2,5 0.8 
7-27-67 2 19.0 2.2 
4 2.5 0.8 
7-31-67 2 17.1 21.6 
4 21.0 0.7 
8- 1-67 2 26.0 0.2 
4 4.0 0.5 
8- 4-67 2 19.0 2.8 
4 6.3 0.6 
8-14-67 2 15.4 4.7 
4 3.4 0.9 
8-15-67 2 2.0 3.7 
4 3.2 0.6 
8-18-67 2 14.6 4.5 
4 4.8 0.6 
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Primary productivity calculations: 
Net oxygen production in mg/liter = Light bell jar final oxygen 
concentration minus light bell jar initial concentration. 
Gross oxygen production in mg/liter = (Light bell jar final oxygen 
concentration minus light bell jar initial concentration) plus 
(Dark bell jar initial concentration minus dark bell jar fin;'.l 
concpnrr.Ttion) = 
Carbon assimilated by photosynthesis in GC/m /day = mg02 x 1000 lict-rs x 
liter irT^ 
IC 0.375 Total radiant c-ncrgy fur ont in- day 
1000 mg PQ=1.2 Radiant energy for sampling period 
Carbon assimilated by photosynthesis in GC/m^/day = GC /m^day x depth 
of bell jar (0.28m) 
Examples: 
Net primary productivity in GC/m^/day = 4.17mg02 ^  1000 liters ^ 
liter m^ 
IG ^ 0.375 ^  675.2 langleys/day ^ ^  gg 
1000 mg 1.2 109.9 langleys 
Net primary productivity in GC/m^/day = 7.99 GC/m^/day x 0.28m = 
2.24 
Gross primary productivity in GC/m /day = Net primary productivity in 
3 3 
GC/m /day plus respiration rate in GC/m /day 
Respiration rate in GC/m^/day = 1.07 mg02 x 1000 liters x 
liter irP 
IG ^ 0.375 ^ 675.2 langleys/day ^ ^  
1000 mg 1.2 130.0 langleys 
Gross primary productivity in GC/m^/day = 7.99 + 1.74 = 9.73 
11. J, 
Examples: (continued) 
Gross primary productivity in GC/m^/day = 9.73 GC/m^/day x 
0.28m = 2.72 
